I 



.1 



PHILOSOPHICAL 



T R ANSACTIONS 



OP THE 



ROYAL SOCIETY 



OF 



LONDON. 



FOR THE YKAR MDCXXXKLII. 



PART L 



LONDON: 

niMTBO BX liaUBD i«D lOHN B. TATUM, m U»R OOOIT, lUR 

MDCCCXJJI. 



Digitized by Google 



AD V£KTIS£M£NT. 



Tu Committee apptdnted by tbe Ajyo/ iSbcMty to direct the pnblkelkii of tbe 
Pkilatapltteat Drtmtaetkmf talce this opportnnity to acquaint tlie PttbUe, tbat it folly 
appeara, aa wdl irom tlie CkNmcil-iKtoks and Joomali of the Society, aa from repeated 
deelarationB wliicb Iwve lieen made in Mveial former Tnmgaeikm, tlNrt the piuitinf 
of tliein was always, from lime to time, tlie sbgle act of the respective Secrelarica 
till the Forty-seventh Volnme; the Society, as a Body, never inleresdng dwmselves 
any fiirther in thdr pablicati<m, than by occasionally recommending the revival of 
them to some of their Secretaries, when, from the particolar cinmmstanoes <ii their 
affiursj the TramactUnu had h&ppeoed for any length of time to be intermitted. And 
this seems principelly to have been done nith a view to satisfy the Public, that their 
usual meetings were then continued, for the improvement of knowledge and benefit 
of manldnd, the great ends of their first institution by the Qoyal CharCos, and which 
they have ever since steadily pursued. 

But the Sode^ being of late years jc^rcatly enlarged, and their communications 
more numerous, it was thought advisable that a Committee of their members should 
be appointed, to rec(»n*>idpr the papers mid before them, and ^eleet out of them such 
as they should judge most proper for publication in the future Tramactiotis ; which 
was accordingly done upon the 26th of March 1752. And the grounds of their 
choice are, and will continue to be, the importance and singularity of the snbjects, or 
the advantan^eous manner of treating them ; mthout pretending to answer for the 
certainty of tije facts, or propriety of the reasonings, contained in the several papers 
so published, which must still rest on the credit or judgement of their respective 
authors. 

It is liki \vi>e necessary on this occasion to remark, (hat it is an established rule of 
the Society, tu wtiicb they will always adhere, never to give their opinion, as a Body, 
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npon aoy subject, either of Natove or Art, that comes before them. And therefore 
the thaidcs, which are frequently proposed from the Chair, to be given lo the authors 
of such papers as are read at tikeir acciutomed meetings, or to the persoDS through 
whose bands tbey reedved them> are to be considered in no otiier light than as a 
matter of dvility, in return for the respect shown to the Sodety those oommoni- 
catioos. The like also is to be said with r^^rd to the sevend pngeels, inventions, 
and curiosities of various kinds, which are often exhibited to the Society ; the authors 
whereof, or those who exhibit them, frequently take the fil>erty to report and even to 
certify in the public newspapers, that tbey iaave met with the highest iqipbmse and 
approbation. And therefore it is hoped that no regard will hereafter be psid to snch 
reports and public notices ; which in some instances have been too lightly credited, 
to the dishonour of the Sode^. 
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A Lut of Public lutitadtms and Indmdaals, entitled to receive a copy of the 
Philosophical Trnn'^Hcfions of each year, on making application for thp same 
directly or througli their respective agents, within five years of the date of pub- 
lication. 



Tlic King's Library. 

The Admiralty Library. 

Tlw RaddiA Library, Oxfiwd. 

TTie Royal <T(»n(TTap(iical Society* 

The United Service Muteuin. 

The Royal College of PbyiieiMM. 

The Society of Antiquanat. 

The LiDoean Society. 

The Royal Inititntion of Great Britain. 

The Society for the Lncouragemcat of Afta. 

Tba Geological Society. 

The Horlicuttural Society. 

Thn Uoyal Astronoinical Socleqr* 

The Royal Asiatic Society. 

The Royal Society of Literature. 

The Medical and Chimsical Society. 

The London Iiutitiitii-rn. 

The Eolomological Society of London. 

The Zoological Society of Londoa. 

The Instittito of Hiitisli Architects. 

The Institution of Civjl Engineer*. 

The Canhridge Univcniiy Phikniphical Society. 

The Royal Society of Edinborgh. 

The Royal Iriah Academy. 

The Royal DnUin Society. 

The Asiatic Society at Calcutta. 

The Royal AniUery Libiaty at Woolwich. 

The Royal Obaerratory at Qrcemiiefa. 

The Observatory at Dublin. 

The Obeenratory at Anni^. 

Ttie Ohicrvalaiy at die Cape «f 0«od Hope. 

The ObcCTtMoey at Uadraa. 

The Ob*crT«toTy at Paramatta. 

The Observatory at Ediaburgb. 

Amtlria. 

Tbelnperia Ohaervatory at Pidksaw. 

Denmark. 

The Royal Society of Sciences at Copenhagen. 
The Rt^ ObieraiMy at AlimiB. 

Anaacv. 

The Roy.il Academy of Sciences at Paris. 
The Koyal .Academy of Sciencea at Toulootc. 
The iedeiiea Mioia at Patia. 



Tilt- Ccograjiliical Society at Paris. 
The Entomological Society of France. 
The D^pftt de la Marine, Paria. 
The Geological Society of Franee. 
The Jardia de* Plamp*. Pari*. 

The Ufliveyaiiy at Giittingin. 
The Ctcsareaa Academy of Natmaiiaia at ] 
The Observatory at Manheim. 
The Royal Academy of Scicno:* at Munich. 

The Institute of Sciences, Lctttia and AitB» at 
Milan. 

Tbe Iialinii Sodety «f SeicMia nt Uodann. 
The Royal Aeademy of Scieneaa at Turin. 

Steitserlajtd. 

Thfl SodM de Phy*. et d'Hist. Nat. at Genera. 

Belgium. 

'Vht Royal Academy of Scicoeca at Bnnadl. 

ATdAeriiaml*. 
The Royal Institute of Amsterdam. 
The Balavian Society of £speHa»ental Plulosophy 
at Rotteidaa. 

Spurn, 

Tlie Rajd Ohaeralory at Cndii. 

Parteffll. 

The Royal Academy of Sdencca nt Liahon. 
Pnutia. 

The Royal Aeademy of Seioien at Berim. 



The Imperial Academy «f Sctencn at St. Petert- 
bnrgh. 

iApMfan Mtut ARwisii^. 

The Royal Academy of Sdenees nt StneUiofan. 
The Roynl Society of Science* at DieMthein. 

Unilrd Slates. 
The American Philosophical Society at Phila- 
delphia. 

Tlic Anu rlfiiti Acidctny nf Sciences at i 



The Library of Harvard College. 

Th»J^tf PoRtgn Membara of the Royal Society. 
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A List of Public Institutions and Inilividuals, entitled to receive a copy of tlie 
Astronomical Observatioub luuile at the Royal Observatory at Greenwich, on 
making applicatioD tor the aune directly or through their respective agents, within 
two jmn of the date of pobEcatkm. 



The King^ LJbnry. 

The Board of Ordnanc*. 

The Royal Society. 

The Saviliui Library, Oxford. 

Tlic Library of THdtjr College, Cambridge. 

The Royal Observatory at Greeowich. 

The Univenity of Aberdeen. 

TIa University of Sc. Andjrtm. 

The Univeriity of Dublin. 

'lite Univeruty of Edinbtirgh. 

Hie Uiii?afii^araiM|goir. 

The Observatory at Oxford. 

The Observatory at Cambridge. 

The Obaerratory at DaUin. 

The Observatory at Arm.igli, 

The Obamatory at the Cape of Good Hope. 

The Obaervatory at Plinunatta. 

Thr Observatory at Madras. 

The Royal IiwtilDtioa of Great Britaio. 

The Royal Society, Edialnngh. 

Tlie Obacrvatory, Trevandrum, Eastlndic*, 

The AMroiMOiicai Institution, Edinbiu^. 

The Plaidentordie Ruyal Society. 

TheLowndc^'s Professor of AetroaaaijrjClliihridge. 

ThePlttnian Professor of Aitraiienjr,CiBbridge. 

Fnaeii Rally, Esq. 

Thomas Henderson, Esq. of Edinlmri^ 

I.. Holland, Esq., Lombard Street. 

John WilUam Lubbock, Esq. V.P, and Treas. R.S. 

(Captain W. B. Bmyib, R.N. of CMiK 

Sir Janet South, Obaervatoiy, KMwnglMi. 



In Foreign Coimtnct. 

Tbe Royal Academy of Sciences at Berlin. 

The Royal Academy ofSciaMea «t Pam. 

The Imperial Acadany ofScieMctai Sc. fMUf 

burgh. 

The Royal Aeadeny of Seicneea at Stoekholni. 

The Uoyal Soeicly oT Scii tiers at Upsal. 
The lioard ot Longitude of France. 
The UBiveniijr orGMageR. 
The University of Leyden. 
The Academy of Bvlogoa. 
Tha Anaeijeaii Aeadeaiy rfSdiBDoaiitBoalaa. 
The American PhiloMipliicd Society at Phila- 
delphia. 

Tbe lihmry ofllarvaid Cdlege. 

The ObN< rvatnry at HeUir^fora. 
The Observatory at AIiohmu 
The Observatory mt Rerltn. 
The Observatory at nri.>la«i. 
The Observatory at firusaels. 
The Obaerratory at Cadta. 
The Observatory at Coimbra. 
The Obwrvaioiry at Ctqieah^cQ. 
The Ofeeemtory at Dorpot. 
The Ob&ervatory at Kdnigsbeig. 
The Obacrvatory at Manheim. 
The Ohaerfatory at Mars«iUc». 
The Obwrralary it M ilan. 
The Obsprvatory at Munirh. 
Tbe Observatory at Palermo, 
i'lie Obiienratory at Paiia. 
Till (11(Sf»rv,itory ai Pulkoua. 
Tilt Observatory at Sevbcrg. 
The Observatory at Vienna. 

The Observatory at Tubingen. 
Tbe Observatory at Turin. 
The Ohaervaloiyat Wihu. 
Professor Bessel, of Koiii^rsl), rg, 
Tbe Depdt de la Marine, Part*. 
The Bondeit Cnlkse, Untied Staiea. 
Tbe WatcrviOe CoUege. United Staieh 
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BOYAL MEDALS. 



HER MAJESTY QUEEN VICTORIA, in restoring the Foundation 
of the Royal Medals, has been graciously pleased to approve of the 
following regQlations for the award of them : 

That the Iloyal Medals be given for such papers only as have been presented to 

the Royal Society, and inserted in their Transactions. 

That the triennial Cycle of subjects be the same as that hitherto in operation : vis. 
1 . Astronomy *, Physiology, including the Natural History of Organised Beings. 

•2. Physics ; Geology or Mineralogy. 
3. Mathematics ; Chemistry. 

That, in case no paper, coming within these stipulations, should be considered 
deserviiif^ of the Iloyal Medal, in any given year, the Council have the power of 
awarding such Medal to the author of tiny other paper on either of the several sub- 
jects forminsi: the Cycle, that may have been presented to the Society and inserted 
in their Transactions ; preference being given to the subjects of the year immediately 
preceding : the award being, in such case, subject to the approbation of Her Miyesty. 

The CottBcU propose to give one of the Royal Medab in the year 1849 for the 
most important unpnhlished piiper in Astronomy, eommnni(»ited Co the Iloyal 
Sodety for insertion in tbdr Transactions after the tennination of the Sesdon in 
June 1839, and prior to the termination of the Sessioo in June 184S. 

Hie Coandl propose also to give one of the Ro^al Medab in the year 184S for the. 
most important nnpoblisbed paper in Phy8iology» indndinf the Natural History of 
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Organised Bdngi, oominnDicated to the Iloyal Society for tnccrtioii in thdr TVam* 
actions after the termination of the Session in June 1839, and prior to the termina- 
tion of the Session in Jone 1843. 

'llie Council propose to give one of the Royal Medals in the year 1843 for the most 
important unpublished paper in Physics, rorninnnicatpd to the Royal Society for 
in$>ertion in their Transactions after the termination of the Session in June 1840, and 
prior to the termination of the Session in June 1843. 

'Vhf Council propose also to give one of the Royal Medals in the year 1843 for the 
most importimt uiiiniblislied paper in Geology or Mineralogy, communicated to 
thf Ruyal Society for insertion in their Transactions after the termination of the 
IScssion in June 1B40, and prior to the termination of the Session in June 1843. 

Tlie Council propose to give one of the Royal Medals in the year 18-14 for the 
nuist important uupublishpd paper in Mattiematics. communicated to the Royal 
ISociety for insertion in their Transactions after tiie termination of the iSicssion in 
June IBll, and prior to the termioation of the bessiou lu June 1844. 

The Council propose also to give one ot tlic Royal Medals in the year 1S44 for the 
most important unpublished paper iu Chemistry, communicated to the Royat Society 
for iiiiicrtiua in their Transactions after the termination of the Session in •June 1841, 
and prior to the termination of the Session in June 1844. 

The Council propose to give one of the Royal Medals in the year 1846 for the most 
important unpublished paper in Astronomy, communicated to the Royal Society 
for insertion in their Transactions after the termination of the Session in June 18411, 
and prior to the termination of the Session in June 1846. 

The Comicil propose also to give one of the Royal Medals in the year 1846 for the 
most important unpnbllahed pqier in Fbysioloigy, including the Natural History of 
Organized Beings, ooromnnicated to the Royal Society for insertion in thdr Trans- 
actions after the termination of the Session in June 1843, and prior to the termina- 
tion of the Session in June 1846. 
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PHILOSOPHICAL TRANSACTIONS 



I. On the Laws vftkt Rite and FaU if the Tide m ike Rmer Tlomef. 
Bkf G. B. Amy, M.J^ FMS^ Jstrwumer JRojfaL 

Reeehwd Juljr a,-Jbnd Nwmber 35. IMl. 

In the winter of 1 8 iO-1 84 1 , an cxten^sive series of ohsprvations of tides was made, in 
accordance M'ith luy suggestions^ at Deptford Royal Victualliag Yard. For these ob- 
tervtttioim, a« veil u for thMe which follov (and which' form more immediately the 
snbject of thb paper), I am indebted to Captain SBiaaanr, RJf., Captain Superin- 
tendeot of the Royal Victualling Yard and Docic Yard at Deptford. By the kind- 
ness of ihh ah\e officer, I was allowetl to give such direct! n>^^ to the police constables 
on duty in the Victualling Yard as I thought necessary fur uty purpose] and by bis 
continual soperintendence of the observations, I was able to ntisfy myself that they 
were conducted exactly as I desired, and were worthy of the follest confidence. I 
cannot adequately express my sense of the attention which thus ])ut uie in possession 
of the data that I desired, and in the very form in which I desired them, without the 
smallest troubls: to me in the whole transaetion. 

The mode ot making the observations was the following. Under the direction of 
Captidn SHiRnBrp,a vertical scale of ftet and inches was marked on the return of the 
wharf-wall adjoining to the prindpal landtng-stiurs of the Victualling Yard. The 
graduations increased in going^ downwards, the top of the wharf- wall being the zero. 
As the bottom of this return of the wall was sometimes dry at low water, a level line 
was carried to the extremity of the causeway at the bottom of the principal stairs, 
and another vertical scale (in continoatioii of the former) was measured there. Thus 
every observation of the snrftce of the water was a measure of its depression below 
the top of the wharf-wall. The times of the observations were in all cases the 
quarters of hours of mean solar time, as indicated by the str ikins;- of the clock of the 
Victualling Yard. It is proper to mention, that, iu cuu^e^ueucc of the extensive 
vislbtlity of the dgnal-ball of the Royal Observatory (which b dropped at l** pm. 
predsdy), tiw public docks in the neighbourhood of Greeni«wh are for the most part 
extremely well refolated; and I have then foi-e little doubt that the limes of obser- 
vation arc pretty aecnrntely those which they profess to be. 

The object of the first series of observatiuas was simply to ascertain the times of 

MDCCCXUI. B 
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U&. AlHY ON THE LAWS OF TH£ RIS£ AND 



ingb and low water, fur tlic purpose of ascei tainiiig the durations of the rifle and fidl 
of the tide. With tiris view, the depifSsiou of tbe water below the wharf was ob- 
served at the four qnartcrs-of-hnur nearest to the time of hif;li water, and at the 
seven quarters- of-hour nearest to the time of low water greater number of obser- 
vatKMU being made near low water, because less is known, from otlier observationa, 
of the time of low water). And I proposed, by eombining tiie observationg of each 
group, to find the tinier of liit,h water and of low water much more accurately tlian 
by the rude observation of tlie highest or the lowest water. Hut in discuo^inc^ the 
low-water observations, I found an unexpected dit&culty. The rise of the water at u 
given interval after low water (in half an liour, for instance) is amtiderablff more 
mpid than its descent at the same interval before low water. There is in fact tbe rn- 
diment of a veritable ^re. It is impossible hereto use any ohsti vations forcleter- 
niining the time of low water except those whicfi arc very near to the low ivater. 

My curiosity was now excited to learn with a little more precision the laws of the 
rise and fall of the water generally. For this purpose, Captain JSuirrepf undertook, 
at my reqoest, to arrange for the observation of the depression of the water at every 
quarter-of-an-hour, night and day, during half a lunation, lliis was done, So far as 
I can judge, with the most perfect regularity. The uhsci vation^ eommeneed at Fe- 
hrnary 16, 12'' lb"", astronomical time, and finished at March 4, 12^ 0'°. The whole 
number of observations is 1586. 

In the compulation of these obseiTations it is to be conridered that the times of 
high and low water are subject to perpetual irregularities, i» well from the change of 
conformation of the sun and moon, as from the effec ts of the wind : and jdso that the 
hets-hts are more eonspirnously variable from tlie same cause. Unt there i'^ this dif- 
ference between them, as regards tJie mode of trciiting tiie observations on the pre- 
sent oeoasion. The times of high water at London are predicted with considerable 
acenracy in the Naatieal Almanac : and tlwugfa the time of high water at Deptford, 
even when undisturbed, is not the same as at Londcm, yet its difference may he snp- 
po.sed to be nearly constant, and therefore the time of high water at London will be 
a proper zero of phase to which to refer the Deptford tides. But there is no predic- 
tion whatever of the depretBimis of the Deptford high and low waters.; and therefore 
it i^pears impracticable to take any sero except the observed least and greatest de- 
presmona. These considerations suggested the following methods of reducing the 
observations : — 

The time, between one predictetl high water foi London and the next, was sup- 
posed tu correspond to 3G0^' of pJmse ; and tbe interval of each time of Deptford ob- 
servation from tbe preceding London predicted time of high water was converted 
intopAasv by that proportion. 

The space, between the least depression and ;:;^reatest depres'-ion in one semi-lide 
(rise or fall), was siippose<i tn correspond to 2, oi- the double radius; and the 
depression of the water at cacli Deptford obser^ntion below the least depression of 
that seral4id« wu converted into puis of 1 or radius by that proportion. 
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FlU. OF THE TIDE IN THE MYBR THAMES. 



I may remark that the results trom tbc various tides would have agreed more ex- 
actly tf an observed time of Deptfbrd high water had been med (in the oonvenion of 
time into phase) instead of predicted time of Loodoo hi^ water t but the process 
would have been more troublesome, and the advantage very small. 

As tl)cre was evidently a variation in the law licpendinj^ on the rang^e of the tide, 
the observations were next divided into two nearly equal groups; one (of tit'teen com- 
plete tides) comprising those in which the range was small ; the other (of sixteen 
tides) comprising those in which the range was large. The former is called divirion 
A, and the latter division B. These two divisions were treated separatdy; althongh 
the mi'tliods ot" treating them are in every respect the same. 

The next step was (in each division) to pick out all the phases inchuK'd between 
0° and 10°, and their corresponding converted depres(>iuns ; and to take the mean of 
each of these series of numbers ; then to pick out all the phases indnded between 
1 0'' and 20°, and their corresponding converted depressions ; and to take the mean 
of each of these series of ntiinbeis : and so on. In tliis manner there were obtained, 
in each division, two eohunns of numbers (every one of which was the mean ot about 
twenty-two numbers) ; one of them being a series of phases very near to 5', 16^, &c., 
and the other being the eorresponding converted depression. As there was no diffi- 
calty in inferring from these numbers, with considerable accuracy, the change of con- 
verted depression corresponding to a very small change of phase, it was easy to apply 
the eoriec tion required to adapt the converted depressions to the exact values of 
phu^e a'-", lb% 25', &c. In this manner the two following Tables were formed. 



Division A. 

Mean depreeaium of liigh water 5 ft. 1 1 in. 
Mean range of tide 15 ft. 3 in. 



Iluse. 


'■1 
Convert nl 
(]r|trckui>u. 


PbiM. 


ConTcrtetl 
(Icprosiiiti, 


5 


O'OSS 


isS 


1*980 


15 


0-167 


195 


1*955 


35 


o:u8 


305 


1-845 


35 


0476 


215 


1-731 


45 


0-6gfi 


^5 


1*681 


M 


0-7SS 


«8S 


MIS 


G5 


0-921 


94S 


1*S6« 


75 


1*062 


SSi 


1-075 


85 


MS3 


S68 


0-981 


95 


f2W 


W5 


0-760 


105 


1-438 


285 


0-612 


115 


1-525 


295 


0-468 


125 


l-fi45 


305 


0-347 


135 


1-725 


315 


0-236 


145 


1-810 


325 


01 35 


155 


1-8S5 


335 


0057 


111:. 


1-934 


.•U.j 


OOJl 


175 


1-965 


355 


0-016 



Division fi. 

Mean depresrion of high water 3 ft. 6 in. 
Mean range of tide 19 ft. 2 in. 



PhAM. 


CooTertcH 


PIUM. 


Oolivtrtcd 


depKraoo. 






5 


0030 


i 185 


1-912 


15 


0118 


, 195 


1-960 


25 


0-249 


' 205 


1981 


35 


0-406 


215 


l-9i3 


45 


0*563 ; 


225 


1-7.53 


55 


«Hi97 


235 


1-568 


65 


0-830 


245 


1-366 


75 


0-942 


255 


1-156 


S5 


1*057 


865 


0-988 


95 


1*171 


875 


0*830 


105 


l'9/Jt 


285 


0-«83 


115 


1-371 


895 


0-557 


125 


1-469 


305 


0-454 


135 


1-558 


315 


0-347 


145 


1-645 


325 


0-232 


l.i5 


1-725 


335 


0-116 


111.-, 


i-7;»4 , 


345 


0-042 


175 


1-851 j 


355 


0-008 
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■B. AIRY ON THB I^WS OP THE BISB AND 



If we expren tbe himben in tbe«e two colunms by terics of sines and ooeines of 
mnltiple arc^ we find the following exprestioiis : — 

Division A (neap tides). 

Converted depression = i"035 

+ 0*196 sine pbase — 0*918 cog phase 
+ 0K>64 sine 3 plnie — 0<tl6 cos 2 phase 

— 0 010 sine 3 phase — 0 047 cos 3 phase 
+ 0 OOH sine 4 phase — 0 009 cos 4 phase 

= 1-035 - 0-939 co!> (phase + 12° 10') -{- 0 066 sine (2 pbase — U° 2') 

- 0-048 cos (3 phase — 13° l') + 0-019 sine (4 plnse — 4B* 2Sf). 

If we make jAtue + 18" 10^ = p -f 90% and if we remark that, to obtain the actual 
depression in feet and inches below the top of the wliarf«wall, we must multiply the 

converted depression by half the mn^c. tind must add to tbe prodnct the depression 
of high water, we find for the actual depi-cssion, 

IS ft. Sin. / 1*035 + 0-939 . sine (p) - 0 ()(3(j . sine (2 p - 38° 22') "I 
3it.llin.^' — 5 — ~ yC\ r. , « . 

* 1 - 0 048 sine (3 j» - 48" 40 ) + 0 012 sine (4 j»- 97 2') J 

or 

r 0-989 sine (»)- 0*060 sine (2 n- 88* lia*) 1 
i3ft. 10 n. + 7ft.7'fi in. X < . \ ^ ' . . ' >, 

\ -0-048sine(3/»-48°40')+00128ine(4ji»-97"*3')/* 

where p represents an angle increasing uniformly with the time and going through a 
change of 360* in one complete tide. 

Division B (spring tides). 

Converted depression = 1-01/ 

+ 0*057 sine phase - 0*900 cosine phase 
+ 0'104 sine 2 phase — 0*022 cosine 2 phase 

— 0 054 sine 3 phase — 0 043 cosine 3 pbase 
4- 0-016 sine 4 phase — 0-029 cosine 4 pbase 

=s 1-017 - 0-902 cosine (pbase + 3° 37') + 0 iOG sine (2 phase — 11° 37') 

— 0*069 . cosine (3 pbase — 51** 28') + O OSS sine (4 phase — 61** T). 

If we make phase + ^37' + 90% we find as before for the actoal depression 
of the water below tbe top of the wharf-wall> 

19ft. 2in I 1017 -f 0*903. sine 0*106 sine (9 j»- 19*11') "I 
3 .6in.+ J -0*069sine(3j»-6a*19')+0'0338me(4p-7S*35')j' 



or 

13ft, 



. f 0-902. sine ( p) — 0106 sine (2//- 19° 11') 1 
.3 n. + 9 7in. X | _ ^^^^ ^.^^^ . ,^ ^ _ ^ ^ ^^^^ ^.^^^ ^ ^ _ ^^o^r/^ j> 

where (as before) p represents an angle increasing uniformly with the time, and going 
through a change of 3(iO^ iu one complete tide. 



« 
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On these expressions we may make the following remarks: — 

1st, The mean height of water (nndergtandiog by the mean height that part of the 
expiCMioa for the height which la independent (Mf sinee and connes of periodical 
t«no8) is, at Deptford, tiot the same for spring tides and for neap tides. The mean 
height in the avcrag-e of the high tides is 13ft. Sin. below the top of the wharf-wall, 
and in the average of the low tides is 13 ft. 10 in. below the same point ; or the mean 
height in high tides it greater tlwn the mean height in low tidei 1^ Hcven inches. 
The corresponding iKArence in the whole range of the tide ie about four feet. 

2nd. The curves representing the law of rise and fall of the water are different for 
high tides and for low tides, and both are sensibly different from t!)e line of sines. Tliis 
is evident from the algebraical expression, which contains other terms than those de- 
pending on the une and cosine of the simple phase : bat it will be more evident to the 
ejre on the comparison of the corves as graphically traced. In Plate I. the strong 
line represents the law of depression of the surface of the water through eveiyinstant 
of a tide, tlic horizontal abscissa representing the time or rather the phase, and the 
verticil! ordinate measured downwards i-ppresenting tlie (lepte.s>^ion (as taken from the 
Table, puge 4) for division A (ueup tides) : the faint line is u lint: of tiiaets, wbosu 
highest point coincides with the highest point oS the tide-carve (supposed to have the 
cmverted depression 0 013 for phase S6ff), and whose lowest point is depressed as 
far as the lowest point of the tide-curve (supposed to have the converted depression 
i'982). In Plate If. the curves are similarly traced for division B ; the highest point 
of the tide-curve is supposed to have the converted depression 0 008 for phase 355% 
and the lowest point is supposed to have the converted depression 1*982. 

8rd. If we investigate the motion of a very long wave (as a tide-wave) in a rectan- 
gular canal whose section is everywhere the same, on the supposition that the extent 
of vertical oscillation beaiis a sensible proportion to the mean df^t!) of the water: 
putting k for the mean depth, —gk,Sind X for the horizontal ditiplacement of 
any particle (x bdng its original horizontal mtlinate), we 6nd the following partial 
differential equation t — 



and first neglecting tlie second side of the equation entirely, and solving without it ; 
then substituting the solution (adopting that form of function which is adapted to 

thp f^ca-tidu at the mouth of tlie canal) in the first term on the second side, and sol- 
ving again ; then substituting the solution in the two first terms on the second side 
and solving again, &c., we find as many terms as wc please for X. Then the vertical 




This equation cannot (it appears) be solved in finite terms, but it niay be solved ap- 
proximately by successive substitution. Putting it in the shape 
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devation V of the nu&e^ correspondiiif to the partide whose origliial horisonlal 
ordinate waa x, is found by the equation V = — ^^j^ In order to find the deva- 

tion not of a given parHek bat at a given place, we must approadmatdy ezpma s, 

the original ordinate of the particle, in terms of Jif, the ordinate of the place. After 
all these operations, putting m for the constant which makes mv f to change throiie;li 
360"^ in one complete tide, and putting k b for the coefficient of the first variable terra, 
we find for the elevation of the water, 
f 33 

+ ^, i^' . «« J** , MO (m»* - + f A« . wJ»' . 8in(3 m»l - amy) 

- 1^ i> . m y . coe (3 « V < — Sflt^O — l^i' .m«d/> .sin(8m vf- 3m20 } > 

where the approxiinaUon is carried to the third power of h. This expression supposes 
the canal unlimitied at the end furthest from the sea. If the canal is stopped by a 
barrier, the expression changes its form. Putting a for the distance of the barrier 
from the sea, the elevation at the point x' is represented by 

Vas*^ 1 — ctrnnm + g^j^^(co8(S«io—2maO — 

+ ^co82»t»<|, 

or, putting k h for the coeflident of the first variable term, and omitting that term 
which does not vary with the time, 

Vs= Ar|] — ftsiniv>v# + ^&2.My.tan(ma-~flid/).COs2m«#^, 

M'here the approximation is carried to the second power of b. Neither of the sup- 
posed drcumstances con cspouds exactly to tlie case of a tidal river ; but it may with 
some reason be supposed to be rqtresented by something intermediate to them ; the 
bridges and other impediments in the upper part producing in some degree the same 
effect as a barrier. The slope of the sides of the channel alters the mac^iitude of the 
coeilicients, but does not appear to alter the general form of the expressions: tlie 
mvcstigation, however, though not diflicult, is so troablesome that I have not com- 
pleted it. Thus from theory we should expect the variable part of the converted de» 
pression to be expressed by a formula intermediate to the two following, the niulti-> 
plier k b bdng omitted : 

3 

-^SAtimvt — -^b,m3l. tan (m a — m jp*} . cos 2 m t; /. 
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To sec clearly the import of this, suppose that our intermediate formula is to be half 
the sam of these two expressioiu. Its form then becomee 

+ cos-^-sm\mvt — ^'J 

— ^b.tnj/ 1 co$2maf.ti:a2mvt—(m2m4f-^1ian(ma^nuf)i^CM2mvt\. 
Let ^ 

. - ^ = ten - D), 

then the expression amy be put iit tlie form 

•f B ain (m V < - ^) - C siD (2 m V < ^ 3 OT -f D), 

or, if mvt Y = pi t''^ theoretical converted depression is 

+ B sinp — C8in(2;> — m J* 4- D). 

When m a ~ m x' is not large (as it certainly cannot be at Dcptford), to is greater 
than D, and the theoretical converted ileprMsion, putting A for m j/ — D, is 

+ B . sin y> — C . sin [2 p — A). 

This is precisely tlie sauie form as tliat given by the discussion of the oi>servations. 

4th. Acconliag to the theory, the coefficient of the second variable tern in the 
exprewion for the converted depression ought to be proportional to the range of the 

tide (for if runtuins ft as a fector). In the discussion of the observations it appeal's 
that this eoelTident increases more nipidly than b. Thh seems to render it probable 
that terms of sensible magnitude would be introduced by pushing the approximation 
to the Ibnrtb and higher ordett. 

5th. Sappose then that the variable pact of the converted depression is represented 
by sin ^ — c sin (2 6 — A), where 6, as appears from thetheory» amv t — vt x\ or is the 
valite of the phase <!epending simply on the depth of the canal and the distance of 
the point of observation from the sea, or is that value of phase which would corre- 
spond to a shallow wave passing along the canal. The values of t fur high and low 
water will be those which satisfy the equation cos4<— 2c.cos(2^ — A)s3 0. Solving 
this equation for high water, by successive substitution, we haveasa first approxima- 
tion cm (} — 0, or C — 270° ; cos ('2fl— A) — fo^; <' ',40" — A) = — cos A ; tisin": this 
sul»stitution in the second term, tiie equation becuuies cos ^ + 2 c cos A = 0 ; ur if 
0 = 2/0 -j- .1, sin X + 2 c cos A = 0, or J = — 2 c . cos A nearly, and therefore tiie 
value of m V / — m a' for high water is 270^ — 2 c cos A nearly. In the same way it 
is found that the value of m vt — mj/ for low water is 90" + 2 c- cos A nearl}-. So lar, 
therefore, as depends on tliis fcnn, tlie higli water is accelerated and the Km- water 
is retarded by nearly equal terms : and this aeeeleration and retardation are propor- 
tional to c, or to b, or to the wtiule range of tiie tide: and are itierefuru greater for 
spring tides than for neap Udes. 
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6tli. This remark enables us to explain a circumstance which appf-ru cr! somewhat 
perplexing. It has been found by Sir J. W, Lubbock and Mr. Whewelx, that the 
age of the tide is diflferant, as inferred from the height of the high water, or from the 
Hme (tf high water : the age of the tide always appearing greater as infierred from the 
heights*. Now to explain this, we have to eondder that» at syzygies of the sun and 
moon, the time of high water in the sea is on every successive day earlier with re- 
spect to the moon's transit ; but the syzypial or spring tide in the river, and the tides 
neitr it, are (as we have just found) accelerated with respect to the sea-tide more 
than mean tides are : and therefore the river tide which happens at the mean inter- 
val from the moon's transit is not the syzygial tide, but a tide preceding it. But there 
is no corresponrlinc: effect produced on tlie lieii^^ht of llie tide. Tims tlie aji;e of tlic 
tide inferred from the height is the true age (at least as far as it can l)e aseei tained 
from the phenomena of the ocean-tides) ; the age as inferred from the time of high 
water is certainly too small, and the quantity by which it is too small depends on the 
length and depth of the river, or of the shallows along which the tide has to pass. 

I have only to add the following deductions from the observations. 

In divi«;ion A (low tide«i) the high water occurred at the phase 350" nearly, that is, 
about 20"' before the predicted time of high water at London Bridge: the low water 
occurred at the phase 186* nearly: the interval between high water and tow water 
was ahont 195" <mF phase, and that between low water and high water about 165** of 
phase ; or the descent occupied a longer time than the ascent by 30** of pliase, or a 
little more tlriTi an hour of tltue. 

la divi&iun ii (high tides) the high water occurred at the ph<u>c '.ibo" nearly, or 
about 10*" before the predicted time high water at London Bridge : the low water 
occurred at the phase 905" nearly; the descent therefore occupied 9101° of phase, and 
tlie as( ent I5(f ; or the time of descent exceeded that of ascent by eff of phase, or 
2'^ l"' of time. 

Tlie times of the tiii n of the tide-current, as shown by the swiuj^iug of the &hips 
at anchor in the river, were regularly observed. The means of tiie corresponding 
phases in division A are t0°'4 and 904^4, or nearly 80° of phase or 40" of time after 
high and low water respectively : those in division B are 14*^0 and 293°'5, or nearly 
19***6 of pluue or 87" of time after high and low water respectively. 

* LvMocs. niihuopliikil numliau, 1SS7. WnwuK, FliiltMaiiiliisil nuMotiaiw, 1838. 



Rotfol Oistrvuton/, (jretnwich, 
June 95, 1841. 
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II. Qmtributunu lo Terputrial Magneiism,^No. III. 
By iMut^Caimd'ExiwiiMSi Sabinb, F.RS. 

IbeuTtd Deeenber 1$, l841^RMd J«iMi«fjr 90* 184S. 

In the present number of these Contributions, I propose to give an account of the 
observations on the ma'j^nctin intPtT^ity made at sea by the officers of Iler Majesty's 
ships Erebus and Terror, on their passage from England to Kerguelen Island, the 
unreduced observations, transmitted to the Admiralty by the Commanders, Captain» 
Ross and Cmhsibr, having been placed in my bands for that purpose. 
They will be divided ibr convenience into tvo sections^ vis. 

^ 5. OAmrMiljow between Bttgiaitd and the Cape of Good Hope. \ 6. OA«ermi<MMM 
heheeen the. Cape qf Geod ASsfe end Kerguelen island, 

^ 5. Obtervaiirme between England and the Cape Oood Hope, 

Hie oLeervations in the Erebus were made by the statical method devised by 

Mr> Fox, with one of his instruments of 7\ inches diameter. The intensities Were 
measured by the angles of deflection procltrced, in different localities, by a constant 
weight applied to a grooved wheel on the axle of the needle ; and the ratio of the inten- 
sities is inversely as the sines of the angles of deflection, subject to u correction for 
differences of temperature of the needle, computed by the formula '00016 I' — /), 
in which < is the standard and f the observed temperature in degrees of FAURENHgrr, 
•00016 a coefficient dt tcnninod cx|)L'rimentally by Mr. Fox, and 1' the observed inten- 
sity. At sea, where the munipvilation of the w< i^^hts causes an exposure of the needle, 
which, in bad weather particularly, is liable to occasion injury, the pluu recom- 
mended by Mr. Pox, of using deflecting magnets instead of weights, was frequently 
resorted to. 'In this case the ratio of the intemity in diflbwnt localities is inversely 
as the sines of the angles of deflection, and directly as the weights equivalent to the 
deflecting force of the deflector on the nerdic at the respective angles} or 

where I, r, and w are the intensity, angle of deflection, and equivalent weigiit at a 
base station ; and I', i/,and uf corresponding values at another station. A table is 

usually fornu-d for each instrument ex prnmcntally, under Mr. Fox's own direction, 
of the equivalent, or as they are termed by him, the coerrhtg wt'ight«i, for each de- 
flector on each of the needles at the different angles which are likely to occur in 
the course of the observatioDS. Tbte Is done by placing the deflector succesdvely at 
muccczui. c 
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angles from tbe dip*, eaeh dilTeriog one degree from the preceding i the needle is « 

t^rcby deflected to a smaller ftogle on the side of the dip oppoiiire to the deflector, 
and is brought back to tlie dip I>v :i ^vcight applied to the f^roovcd wheel on the axle; 
this weight i<« cnllfd the coertiiig weight corresponding^ to the an;^Ie from tin: dip at 
which the deflector was placed. For greater accuracy, the table is Ibrtned from re- 
snlts obtained by placing the deflector sncccssirely on dtber side of the needle. 
Owing to accidental circumstances, no taldi- of this description was prepared for Ibis 
instruraeflt before the Expedition sailed; the pressure of other duties prevented its 
bfinj^ done at St. Helena, the Cape oi" Good liopc, or at Kerguelen Inland ; and at 
Van Dicraen Island the end of the axle of the needle being accidentally broken, the 
needle was returned to England to be repaired, and was thus separated from tbe 
instrument and from tbe deflectors. Under these circnmstanoes we have no other 
resource for reducing the observations made with the deflectors, than to form a table 
from the observations of the weights and deflectors (when both methods have been 
employed at the same station), which shall answer the same purpose as a table of 
coercing weights. Fbrtunately tbe number itfench statimis is conriderable. 

We may fmrra this table in the following manner. For the primary or base station, 
let V be the angle of deflection with a constant weight Wj and v tbe angle of defleo^ 
tion produced by tbe deflector placed at the dip, then is 

«j = W sin V coscc V, 

w being the weight equivalent to the deflecting' force of the deflector at the angle v. 
If several constant weights were used at the primary station, the value of w may be 
obtained from each seput utcly, and an arithmetical mean taken. Then at another 
station, at which tbe angles of deflection have been observed both with tbe deflector 
and with constant weights, the equivalent weight w' to the angle if produced by tbe 
deflector may be obtained from 

, I' ic ftia v* 

I being tbe Intenrity at the primary station, and V the intensity derived by the 

method of c /u-i.i:it weights at the other station. The valutas of thus computed for 
all the stations whure the weights and deflectors were both used, being projected in 
n graphical representation with the corresponding values of v', tbe former as ordi-, 
nates, the latter as abscissae, a line drawn by the eye through the teruiinations of the 
ordinatcs will give tbe valnes of for each degree of tf produced by the deflector. 

In tbe int«isity instniment of tbe Erebus two deflectors were used, sometimes se- 
parately and sotnetimes combined : they were designated N. and S, aceording to the 
pole of the needle to which they were respectively applied. They were contained in 
brass tubes, N. with its north pole, and b. with its i$outh pole towards the end of tbe 
tube which screwed into the limb of the instmment; consequently "Deflector N."* in 

* TUft ttufyibn^lieiniileiifaem dnenewllsia iii«llier porfdaw. iNit Mr. Fox nov pnlien IktmHeal 
an, w wbcn tfae Beedte itiBdt at 90^, tbe dide peipwdiad^ 
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tb« Tftble rignifies that the deflector baving its north pole towards (he aereir wai 
placed opporite that diviiion of the circle which the north end of the needle had pre- 
viously indicated as the dip ; and the angle of deflection t/ is a mean of the defleo* . 
tions of the needle, first on the one side and then on the other side of tlie deflector. 

In the case of this deflector we have the angle v observed in London 22^^ 5/' ; and 
the vafaie of w» derived from the anglee with tbe four cotutent wdgbti of 1, 2, 3, and 
4 graiM, as 9*114 grs. RcgardiDg London aa the primary ilaUon, and the intensity 
s 1 , the values of at the several stations where both weights and deflector^ were 
used are found by 

«/ = 5-422 r sin r'. 

The table of observations furnishes seventy-four occasions between £ngiand and the 
Cape of Good Hope, in which this deflector was used in compariaon witb the con- 
stant wtights t we have consequently so nany values of from which to form a table 
for each degree of deflection. The angles t/ produced by this deflector increased 
from 22° 5/' in London to above 3 1" where the intensity was weakest, and again de- 
crease<l to 29° 53' at the Cape; conscqncntly the ordinates corresponding to the 
smaller angles are derived partly from the e<iriier and partly from the later observa- 
ttons of the series. The line drawn freely throogh the points forming tbe tennina- 
tionaof the ordinates shows by its cootinuity that the force of the deflector rennined 
unchanged during the whole of the scries ; it exiiibils no discordances with any of 
the values of «/, but such as may well be attrilmted to tlae unavoidable discrepancies 
of single observations. By means of this graphical representation tbe subjoined 
Tsble has been formed of the values of for tech degree of t/ypermittii^ tbe inten^ 
sities 1' to be oompated« rclaUve to the foree unity in London, by the formula 

r = *1845ifi'coeeci/. 



Vtloa at m', De4ec<«r N. 






«3 = 2-113 


30 = l-iti^ 




31 = 1904 




33 = 1-880 


2i; ^ .' oai 


33 = 1-857 


87 = jJ*005 


S4 s 1*834 


2« = l-i»79 


SA = 1*S10 


29 = l-dM 





In the case of deflector 8, the table of observations fnmidics 109 occasions be-> 
tween London and the Cape of Good Hope in which the angle if was observed in 

comparison with the angles proiluced by tlie ronstatit weights ; consequently we have 
109 values of to be combined in a graphical representation. The line freely drawn 
through the terminations of the ordinates is continuous from August 1839 to the 
nom-observation of February 12» 1840, when the continuity becomes interrupted, 
and a second line» corresponding to a dimioished force in the deflector, commences, 
and continues unbroken to the Cape of Good Hope. Tbe loss of force in the de- 

c 2 
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flector, whkh occurred between the forenoon and afternoon observations of the 12tb 
of February, was equivalent to nearly a degree in the angle i/, and ia obvious on a 
simple inspection of the table of observations. In this case, therefore, we require to 

form two tallies of the values of w' : tlic one, Table A corrf-nMnding to the force of 
the (lefleefur.l)er\\-eeii Au^^ist is;59 utul February 12tli, 181U, and the other, Table 
to the weaker force between Februuiy 12th and the ('ape of Goo<l Hope. 







Values of ir'. Deflector S. 






(A.) Angiut 1839 W Mmuj 12, 1840. 


CB.) r«br 










IT"- 








30 


= 8-754 


37 = 2-410 




35 


= x'-29I 


31 


= 2-704 


38 = 2-359 




3G 


= 2-;2G0 


32 


= 2-r>55 


39 = 2-310 




37 




33 


= 2-C06 


40 = 2-2C0 




3« 


s J-.'IO 


.(4 




41 = .'-.'lO 






^ -••is*) 


35 


= ^-.SOS 1 


42 = 2-100 




4U 


= ;;iol 


86 




4Ss»llS 




41 






-«» 1 






42 


= 2-110 



For the first scries we have London as tiie primary station, where Is i, v = 30° 19', 
and to =2737* whence 

I'= '1846 tt/oosect/. 
the values of being taken from T^ble A. And for the second series we have the 
Chpe as the primary station, where p s 95* 40', w = 2*270, and I, derived from the 
experiments intb the constant weights = 0*715 (London = 1) { consequently at 
other stations 

r = •I837«^co«ecp'. 
the values of «/ being taken from Table B. 

The loss of force sustained by deflector S. causes a rinular interruption in the con- 
tinuity of the line connecting the tinrminations of the ordinates derived from the 

observations in which the deflectors N. and S. were used conjointly ; we have therefore 
in thh case also two tables of the values of v/, one for the first, and the other for 
the second series. 



ValvH of Ddbelon N. and S. 



(A.) Augiut 1839 to tthnuj 12, 1840. 





1 P". 


e If™- 

SI = 3-037 


44 = 3-784 


J .■■,.■! = :m 1ft 


45 — .1-fi74 


i 54 = 3-06G 


52 = 2-0S9 


46 = a-58» 


65 = 2-995 


ea - j-'ji3 


47 = 3-505 


56 = 2-936 


54 = 2-896 


48 = 3-4.30 


57 — 2-880 


55"= 2-853 


49 = 3-366 


58 = 2-828 


56 = 2-813 


M = 3-304 


59 = 2-780 


57 = 2-775 


il midrib 


60s 2738 


SS m £*740 


SS-S'lSS 







(B.) IMnurlStoMMUilSIS. 
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For the firat series we have London as the primary station, wUett I = l , f =s 44^ Off, 
and w s 8778 ; whence at other stations 

F= '1845111^606601/, 

uf being taken from Table A ; and for the second series the Cape as the primary 
station, where I s 0*715, v as 51* 10^, and w s 3*082 ; wbenee at other stations 

I' = *1637ii/ca6eci/, 

v/ being taken from Table B. 

Table I. contains the observations made with the weighu and deilectors on shore 
and on board the £rd>ii8, between London and the Cape of Good Hope. Of 647 
observations comprised in tliis Table, I have only found it necessary to condder 
a single one as doubtful, namely, tbe second observation with the constant weight of 
one gniin at the Cape of Good Hope ; its result differs so much from that of the ol>- 
servation on the preceding duy with the same \\'eii>:ht, and with those of the prece- 
ding and of tbe same day with the weight of ^'l iim, that I have thought it safer to 
omit it in taking tbe mean of the results at that station ; bat the observation itself, 
and its resnlt, are both given in tbe T^ble. 



Digitized by Google 



14 



LIBUT^COiONBL 8ABINB OK TBRIUMTltUL MAONBTISH. 



TablbI. 

ObwrvatioDS of the Magnetic Intensity on Shore, and on Board Her Majesty's Ship 
Erebus, with Needle F, by Captain Jamis Clauc Ross. 
London to the C&pe of Good Hope. 



Aug. 28. 



Westbourn 
Green near 
LoadoD. 



Oct 1. 

3. 
8 
lS.j 

14 

SIJ 



5« 41 0 S5 



1 *M 

1 1 A.M^ 
NooD. 

50 171357 Sfi'lO 30 A.M 



_ 



iiDMofdijr. 



P.M. 



47 47350 4.' lu A.M 



41 6348 10 



99 S0|347 SI 
FuBdul RmA. 



SS.Copmr*H«iie, 
Funchal. 



24.? 

26. 



Nov. I. 



6. 



7. 



32 38|343 04 
Fuuchal Koads. 

30 47[343 10 



Off Santa Cni/, 
T«!ncrirtW. 

86 1342 S5 



24 51 341 18 



9 30 A.W. 
1» Uam 
11 Oaji. 

10 0 am. 

11 Oa.ii. 

7 A.M, 
ID A.M 

I Noon. 

: 0 30 VM 

10 30 A.M 

2 0 p.M 

3 10 I'.-.- 

3 50 v.u 

4 30 r.M 

10 A.M 

to 
Noon. 

10 A.Mc 

to 
Noon. 

10 A.M 

10 20 A.M 

II 15 A.M 

1 1 50 A.M 

> 1 30 P.M 
2 0 p.M 
10 .10 A.M 



SS 4034« 45 



0 SO P.K. 
4 0 r.K. 

1 SO ».M. 
t IS P.M, 

3 0 r.M. 
a SOrai 

4 Omi 



Deflector S. 
Deflector N. 
Dcfli-ctom S. & N. 
weight I grain, 
weight 2 grains. 
Weight 3 grain*, 
weight 4 gniitui. 
S. 

weight 2 grains, 
weight 4 grains, 
weight i grains. 
vtelgkt 4 grains. 
S. 

weight 2 graias. 
8. 

weight 3 gnJiN. 

S. and N. 
weight 2 grains. 
& 

S. and N. 
weight 2 grain.'!, 
weight 4 graius. 
.S. 

S. arid N. 

Wt i^'lil 'J 
weight 3 griuiis. 
weight 4 grain*. 

•S. 

wciglil a grmui, 
weight 3 grainn. 

S. 

weiphl 1 grain, 
weight ^ gtaim. 
S. 

weight 1 grain, 
weight 2 graii)«. 
S. 

S. and N. 
weight 2 grain*, 
weight 3 grains. 

a 

S. and N. 
S. 

S. and X. 
& 
& 
S. 

s. 

s. 

weight 1 grain, 
weight 3 gniiiL 



DeJtction 
obHtreiL 



HO 
22 
44 
10 
31 
33 
47 
30 
21 
48 
21 
47 
30 
21 
30 
45 
22 
30 
44 
22 
31 
45 

-'a 
J I 

31 
45 
23 
35 
51 
31 
11 
23 
36 
31 
11 
23 
31 

n 

■24 
32 
46 
24 
38 
31 
45 
32 
46 
33 
Xi 
32 
32 
33 
11 



19 
57 

6 
34 
47 
24 
52 
38 
54 
17 
41 
45 
43 

1 

43 
1 

43 
22 
35 
45 
14 
17 
I 

4a 
IH 
17 
12 
45 
55 
10 
23 
20 
5 
26 
29 
39 
53 
40 

34 
42 
37 
48 
34 
5« 
58 
52 
3 
8 
45 
51 
4 
54 
13 
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Table L (Continaed.) 



mt. 



PotittOR, 



Time ot day, 



2 



Intnuitjr. 
LiMidM* 1-000 



= 1372. 



, j b m 
ii 18 340 03 9 a.m^ 
tu 

11 A.M 

2 P.M 

3 P.M. 



10. 20 54 339 18 



11 



IS. 



1 



P.1I. 



19 S1338 07 9 A.M 



1 

l4|Qu«ll UaBd. 

14 54|336 30 



21. 

fS. 
23. 

86. 

26. 
t9. 



17 10,336 5510 30 A.M 



6 to 

7 SOAjf. 
« to 

9 SOA.M. 

10 to 

11 30 a.m. 
0 45 P.M. 

.1 0 I'.M, 

12 39 335 35 0 30 to 

II A.M. 



Noon, to 

1 P.M. 

10 A.M 
to Noon. 

1 90 r.M. 



11 19 336 07 

'J 48»34 41 



6 52333 5510 



5 13333 3510 a.m 



3 20 332 4810 a.m 



Noon to 
I 30 P.M 

II 30 A.M 

to 

1 P.M 

3 to 

4 P.M 
A.M. 



s. 

N. 

•S. and N. 
N. 

weight 1 grain, 
weight 2 pTiin*. 

S. 

weight 1 grain, 
wfiglit 2 grains. 

S. 

N. 
S. and N. 

S. 

N. 

S. and N*. 
weight 1 grain. 
Weight 2 grains, 
weight 3 grain*. 

N. 
S.«Bd N. 
weight 1 gimin* 
weight S gtaim. 
we^bt 9 gnia^ 

S. 
8. 
& 
S. 

S. 
S. 
S. 
S. 

X. 

S. and N. 
weight 1 priiin. 
weight i gniiiis. 
S. 
N. 

S. and N. 
S. 
N. 

R. «nd N. 
wcif;lit 1 grain. 
w«>ight i grains. 
S. 
N. 

S. and N. 
weight 1 grain, 
weight 2 grains. 

N. 
S.and N. 

S. 

N. 
&mdN. 



33 13 
35 31 
47 24 
25 29 

11 58 
25 .10 
33 32 

12 4 
2.> 38 

33 56 
25 54 
47 49 

34 8 



26 
48 



26 
41 
34 

25 59 
48 15 
18 36 
S6 0 
41 41 
SS 57 
U S4 
3S 63 
34 30 
34 19 

33 13 

34 21 

33 57 

34 4 

26 8 

48 51 

]a -i 

34 46 

27 6 

49 24 

35 1 
I 27 20 
! 49 50 
' 13 1.) 

28 s!4 
\ 35 59 
; 28 38 

51 6 
14 3 

29 M 

36 13 
29 1 
51 61 

37 8 
S9 SS 
M 99 



73 
74 



78 



78 



91 



93 



83 



83 



82 



>s.w. I w. 



. Obaerved 

on shore. ^ 



74 






76 


a. 


78 


M. 


70 


W. 


sO 


a. 


80 


Si.W. 


80 




84 


s.w. 


79 


S.W. 


81 


S.W. 


84 




S3 





874 
874 

871 
878 
885 
862 
861 
h.SO 



> *874 



\ 



859 
858 
839' 
855 
850 
866 
845 
840 
841' 
855 
844 
844 
85« 
831 
845' 
822 
847 
825 
833 
872 
830 
845 
841 
849 
827 
815 
824 

Hi:.] 
«ii y 

812 

806' 

HfJ2 
HOO 

773 

773^ 
756 
767 
757 
7*51 
764 
743 
748 
734 
731 



$67 
•854 



> -849 



y -844 



'831 



•813 



> -793 



> '7U 




1032 
1-004 
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Tabu I. (Cbntinned.) 



laag. 



FoiMon. 



IM. Loag. E 



Time of day. 



Deflection 
ubaenetl. 



o ^ 



lutcuuty. 



lABtkw •> I'OOO. 



Dec. 



St. Paul's Ilock»-. 8 A.Mc 

a sSsao 40: tn 

9 30 A.M. 
3 VM. 

0 M3M 19!lO A.M. 
I t(, 

I I 30 A.M. 

- 0 26330 0^,\\ A.M. 

to 

&|- 1 37SS9 17|lO 31) A M 
to 
N«OD. 

1 F.M 

6H— 9 lSi3«B 31 10 A.M. 

10 40 A.M. 
U 30A.M 

7J- 4 43{ 9 30 A.m. 



9. 
1ft 



1« 



13. 



- 6 

- 7 M3S7 SB 



- 9 SI 997 SB 



11. -U 31328 82 



S4 11 OO A.M 

9 9iAM 
10 10A.U, 

10 45A.M 

11 90 A^ 
Noon. 



-IS 8«|as8 fi7io A.M. 

10 3i» A.M. 

1 1 45 A.M. 

1 P.M. 

2 P.M. 

0 30 P.M. 

1 P.M. 

1 15 P.M. 

2 0 P.M. 
6 P.M. 



— 14 00329 28 



s. 

N. 

S. mill N. 
weigiit 1 grain. 
■Weight 2 grains. 
S. 
\. 

S. ai)d N. 
weigbt 1 grain, 
weight 3 grains. 
S. 
N. 
S. ami N. 
.S. 
N. 

S. and N. 
S. 
N. 

.liui \. 

weight 1 grain, 
weight 3 groins. 
S. 

S. and N. 
N. 
S. 

S. and X. 
N. 

wfi}:ht 1 grain. 
»ol^;lit 2 grnin», 
vvt-ight 3 grain*. 
S. 

weight 1 grain. 
.S. 

S.aiidN. 
N. 

Wright 1 grain, 
weight 3 gruin». 
& 

S. and N. 

X. 

weight 1 grain, 
weight S gniitt. 

1^ 

S.aiMt N. 

K. 

weight 1 gr;ii.i. 
weight 2 gnmi-i 
.S. 

S. and N. 
N. 

weight I prain. 

w> iL'lit 2 i^i-ains. 
weigiil 1 grain, 
weight 2 grains. 
.S. 



37 17 
30 3 
52 34 
14 30 
30 24 
37 8 

29 34 

52 44 

14 :5<J 

30 .-iO 
37 41 
30 II 
5.1 15 

37 4»3 
30 29 

53 49 

38 10 
30 2'J 

54 2 

15 27 
.12 6 
3rt 47 

54 4,S 

30 51 

39 7 

55 1 

31 24 

16 ]G 

32 2(> 

56 7 

39 35 
16 25 
•J'J 50 
55 50 

32 47 
16 37 

34 42 

40 13 

57 2 

33 7 
16 41 

35 53 

41 0 
57 18 
33 29 
!7 



t 

8 
24 
57 23 
.13 40 



.'ilj 
41 



17 

36 
18 



56 
56 
0 



37 57 
41 51 



81 

83 
90 

84 
82 
83 



I 

HI 

«2 

82 
80 

80 
81 

83 
81 

81 

82 

I 

i 82 
82 
I 82 



I.; 42 i 

weight 1 grain. | 18 1 | 79 



SAW. I W. 



1 



Observed 
on shuri'. ^ 



$.«.w. ^ w. 

u. by w. ^ ». 



•A by B. 

s.K.E. ^ r. 



•653 



■728 



•727 



ri2 



700 



•699 



•683 



•672 



■654 



•€48 



> OA 



•624 



•611 



•599 



•998 

•997 

•977 
•960 

■959 
•937 

•921 
•897 



-870 



•856 



I <«40 



•822 
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Tablk 1. ((Joutinued.) 



Dec. 14. 



16. 



17 



BnihioB. 



Kat. Long. E. 



16 tS3M 97 



m 45 



dad. 



ipaii 



-91 47 



SO, 



tl 



16331 45 



S81 57 



—eft SB 332 41 



! 


MatfaodauilcTAd. 


Dell«ctiaii 
abserved. 


2 

il 

f- - 


1 

16 A.M. 


S. 


41 


5*8 


if 

80 


S. and N. 


38 


17 






N. 


34 


13 






wei|;ht 1 jrmin. 


i6 


7 


81 




weight i grains. 


38 


27 




9 SO A.M. 


& 


4S 


3 


79 


10 30 A.M. 


S.HHIN. 


58 


40 


10 ftO A.M. 


N. 


34 


81 




11 10 a.m. 


weight I grain. 


18 


10 


79 


NOOD. 


wcteht a grains. 


38 


30 




10 A.M 


S. 


42 


12 


78 


to 


N. 


34 


23 


78 


NcH>D. 


S. ami N. 


69 


1 


78 


0 15 P.M. 


weight 1 grain. 


18 


7 


78 


to 


weight 1 grain. 
« ( IltIiI ^ grains. 


18 


14 


78 


« so P.M. 


38 


47 


78 




wtfiglit 2 grains. 


38 


48 


78 


10 AJM. 


S. 


42 


5 


80 




N. 


.14 




80 


to 


S. il!l>] \. 


y:i 


1 


SO 




wt-iglit 1 gnun. 


18 


14 


80 


Noon. 


weight 2 srains. 


38 


42 


80 


10 A.M. 


.S. 


42 


3 


78 


to 


X. 


34 


5 


Noon. 


S. and N. 


59 


4 






weight 1 grain. 


IH 


ti 


79 




weight 1 grain. 


18 


9 






weight 2 grains. 


38 


28 






weight 2 grains. 


38 


27 




5 30 P.M. 


S. 


42 


8 


76 


to 


N. 


34 


13 




7 P.M. 


S. and N. 


58 


55 




9 A.M. 


S. 


41 


52 


79 




weight 1 grain. 


17 


5G 






weight 2 grains. 


37 


37 




6 P.M. 


S. 


41 


58 


76 


9 30 A.M 


.S. 


41 


16 


77 


w 


N. 


34 


8 


77 


S.aiKi N. 


59 


5 


77 


Noon. 


wc'^ht 1 gnin. 


17 


62 


78 


6 P.M. 


weigiit 9 gnim. 


S7 


S4 


78 


8." 


41 


48 


76 


N. 


H 


4 






8. nd N. 


fS 


S3 




10 A.M. 


8. 


41 


So 


76 


to 


N. 


34 


16 


76 


NooD. 


8.1114 N. 


58 


46 


76 


0 40 P.M. 


might 1 grain. 


17 


50 


78 


1 oU P.M. 


weight 2 grains. 


37 


16 


78 


3 P.M. 


vS. 

\. 


41 

,3;t 


50 

.1.1 


77 




S. and N. 


5» 


i3 




1 1 A.M. 


S. 


41 


10 


77 


to 


N. 


33 


43 




2 P.M. 


and N. 


58 


9 






weight I grain. 


17 


44 


78 




weight 1 grain. 


17 


44 






weigiit 2 grains, 
weight 2 gnuns. 


3G 


56 






36 


56 





S. I E. 



Observed 



a. I w. 



S.E. 



- l-37t 



i 



•595 
■594- 
■603 
•697 
•591 
•690 
•598 
•598 
■.=.93' 
•600 
•598 
•599 
•597 
•609 
•596 
•615" 
•602 
•597 
•599 
•610^ 
■601* 
40S 
•«06 
•599' 
•599 
•608 
•600 
•614 
•600 
•608 
•602, 
•6171 
•611 

•€03 
•603 
•6)8 



•599 



•«96 



•593 



•592 



•596 



•597 



> •eoo 



•604 



•SOS 



•603 



•612 



•82* 



•618 



•814 



•813 



•818 



•819 



•823 



•829 



•828 



•828 



•M9 



MDCCCXUl. 
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TAJU.B I. (CoDtlnned.) 



isw. 



Dec. M. 



Ut. Long. E. 



Him of d^. 



-» 49|3» SO 2 to 

3 P.M. 



-96 itjaas 



23. -20 12333 20 9 a.m. 

10 A.M. 

1 1 A.M. 
S3 Snoll. 

' 0 r.M. 

! 1 
«. -t7 4 334 10 iO A.M. 

1 F.M. 

tu 

-S; 43S4 1$ a 30 V.U 



36. 



S7. 



-S7 4C^S5 



-S7 41 3» 



— M fiass 

-SS 57336 
>SS 21 335 



-<6 IftSte 



OaHortinn' g « 
oblcrTr<l. ' ^ I 



0410 30 a.m. 
to 

II 30a.m. 
Noon 
to 

9 p.Jti. 
S 30 to 
3 30 p^. 
9 to 



30. 



-a? 4337 
-S7 3337 



II SOA.lf, 
11 90 to 
• «0 r.M. 
19 10 A^< 
to 
XiKtn. 

3 30 P.M. 

4 10 P.M. 

2HMi A.M. 

to 
N'oon. 
I 0 45 P.M. 
1 30 p.M 

6 30 p.M, 

7 P-M- 
1211 A.M 

to 

1 KM. 

to 



8^10 A.M 

to 



28 



Nooo. 

0 13 

to 

1 40 P.M. 



S. 
N. 

.S. iu),! N. 
weigLl 1 j;taiii, 
Wright 2 grain;). 

N. 

N. 

S. 

S. and N. 
wri^'bt I grain, 
weight 2 graiiui. 

S. 

.S. 

N. 

and X. 
uciglit 1 grain. 
wrij;lit 2 grains, 
weight 2 grajn». 
S. 
N. 

S. and N. 
S. 
N. 

}S. and N. 
weight I grain, 
weight 2 grains. 
S. 
N. 
& and N. 
VTfight I grain. 

N. 

S. and K. 
weight 2 grain*, 
weight I grain. 

S. 

N. 

S. and N. 
weight 1 grain, 
weight 2 grain!!, 
weight 1 grain, 
weight 2 grains. 
S. 
X. 

S. .'Uiil N. 
weight fii-iiin". 
weight -J ^'uiitis. 
weight 1 gram, 
weight 1 grain. 

N. 

S. and N. 
weight 1 grain, 
weight 1 grain, 
weight 2 grains. 
vti^t 2 grains. 



SUf'bhMd. 



5H .i5 
17 45 
37 IH 
41 35 
41 31 
34 0 



76 



37 46 
17 51 
41 55 



>s.u, by K. 



s. by E. 



> N. by E. 

> s.K. by y. 



bv E. 



[ 



[ntrnxitv. 



' 1371 



•6081 

•6«0 ! 



{ 



120 J 



■611 
604 

•i; 
■6 

'tlOC 
■602 
j'Jl) 
■602 
•fil3 J 
■605) 
(Jos I 
fiOo 
6«.'i 
•fi05 
•6ls 
•62,' 

■f;i5' 

t!20 
€15 
•Cll 

tJio C 

■f!l2 I 

(J;!.-, J 
■("ill 
•Gio \ 
•«3l9 > 
(!05 ( 
■<"ilM , 
■(io:» 
■607 
(",(.■1 

■6or 
599 
599 
<iU4 
■•■>07 

■•»<ii i 

'5;)« I 

•i;o4'i 

(">05 I 

•6o;? 
•Co I ; 
■Goi ! 
■G07 ' 
•eoc. 
••in 

•CPti 

•Co 2 
597 
■Coo 

■»jl4 
■6J3j 



•613 



> -609 



•ci; 



-613 



•607 



■b'OC 



•MO 



•836 



•845 



•840 



•833 



•a2<! 



•829 



•S3; 
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Tablk 1. (Continued.) 



Position. 



iaa». 



iM. jl.ODg. E.' 



I Time of day. 



-27 4<338 



1840. 
J«o. I. 



-9» 199^ 
0.-28 A34I 



-27 »7jS4l 

3. -37 36 342 



lltdiwl nqikqfnl. 



I 



4. -26 5l'a4;J .>G 9 
10 

iio 
11 



I 



I 

i-«6 43343 

I 

-25 .19 342 

-25 29342 
-24 13;}43 



-24 6 343 06 



-ax 49>S43 



-22 .19^348 
-22 34 S43 



10. 



-21 S4 344 15 

-21 27 344 
-2t 31 344 

-2ft 24 34.') 

-20 6 345 

I 

I-IM 57345 



, li m 
34 10 A.M. 
to 
Noon. 

4«[ 2 

5 P.M. 

10 30 

11 A.M 
ill 30 A.M.] 

lOj Noon. 

I 0 30 P.M. 

9 30 P.M. 
10 00 P.M. 

10 30 p.M 

n • p.M 

NOOD. 

1 P.M.i 

9 80 a.m. 

10 Oa.h, 

10 40 A.M. 
30 A.M. 

0 A.M. 
30 A.M, 
30 A.M. 

0, Noon. 

II A.M 

11 30 A.M 

57 Noon. 
I 1 r.M 

2 I'.M 

38 3 P.M. 

n 30A..M. 

3, Noon. 

0 30 P.M. 

1 0 P.M. 

3 0 P.M 

I A 30 P.M. 

{10| A.M 

;11 15 a.m. 
35' Noon. 
: 2 30 P.M. 
30 P.M. 

6 0 r.M, 

6 80 P.M, 

7 0 P.M. 

10} AM. 

II 15a.m. 

Noon. 
■ S 30 p.M, 
19 3 0 p.M 
•5l0i A.W. 

III 15A.H.I 

10 Noon. 

3 P.M.I 

29 5 30 P.M.I 

10 30 A.M.' 

11 15 a.m. 
45 Noon. 

0 30 P.M. 



I 



43 



49 



;-n* 49345 4ii 3 
J I I 



s. 

N. 

S. and X. 
weight 2 gniu. 
we^t I gitin. 

S. 

N. 

S. and N. 
weight 1 grain, 
weight 2 grains. 
8. 
N. 
S. and N. 
ueiglit 1 grain, 
weight 1 fj grain, 
weight 2 graino. 
S. 
N. 
S. and N. 
S. 
N. 

S. and N. 
"lijjlit 1 grain, 
weight grains. 
.S. 

N. 

S. .mil N. 
Wcigltt 1 gi'ttiii. 
weight \\ grain, 
weight 3 grains. 

S. 

N. 

a. aii.l N. 
wpjjriit 1 ^rain. 
vt'iL'lit 1 grain, 
weight 1 grain. 
.S. 
N. 

S. and N. 
weigbt 1 gnun. 
weigbt 1 gnia. 

S. 
N. 

S.amiN. 

$. 

N. 
S.md N. 

weight 1 grain, 
wciglit I grain. 

& 

N. 
S. nini N. 
weight I grain, 
wtebt 1 gnlD. 

S. 

N. 

S. and N. 
weight 1 grain, 
weiglit 1 grain. 



Deflection ^ g 



41 27 
34 12 
50 

36 47 
17 48 

41 89 

34 5 

58 56 
17 62 

37 20 
41 49 
33 59 

59 0 

17 56 
27 7 

37 36 
41 31 

33 68 
I 58 45 
I 41 32 

34 5 

58 .^9 
I 18 2 

38 7 

41 37 
34 23 
,^9 1 

18 7 
26 40 
38 20 
41 

34 il3 

59 13 
18 9 
18 14 
18 12 

42 2 
34 34 
59 23 
18 7 
18 20 
42 3 
34 30 
59 33 
42 10 
34 34 
59 99 
18 6 
18 26 
42 13 
34 36 
59 48 
18 9 
18 
42 
34 
59 
18 
18 



78 
78 

78 
76 
76 

77 



76 
76 



76 



74 
74 

74 
74 

73 



76 



74 
7« 



SUiTilMiO. 



J .s.iubj K.^ ) 



-1 

\k.e. by E. 
•< 

►S.E. by N. 



N.K.E. 



1 1 s . by E. 4 £. 

HMJl. 

s'.E. by M. 



K.K. 



76 N.B. bj s. 



B.IMt. 
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\.r- ^ E. 
N.K. by B. ^ e. 

N.B. 1 1. 



_ i , 

i o j K.II.B. ^ tt 
75 N.B. 
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-600 
•602 y -607 
•620 1 
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•603 
•599 1^ 

•612 
•600 
•605 
•598 
■596 f 
•605 
•6O9J 
•607 1 
•606 > 
•603 J 
•607' 
•603 

•598 y 

•.593 
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•605*^ 
•596 

■;')<)U 
•hi.-, 

■59yJ 
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•596 

■:'<}■' 

•589 
•587 
•588 
•595' 
•593 
•593 
•590 
•584 
•595 
•593 

•:>9n 
•592 

•589 
•591 
•580 
.591 
•&9I 
•586 
•589 
•690 , 
•596*^ 
•602 
•595 



•603 



•603 



•605 



•601 



■(;oo 
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•591 



> '590 



> -ago 



•592 I 

•591 J 



^ -595 



•817 
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14 
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'17 
-17 
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S9>l6 
MS4t 
1S84C 
11S46 



-16 35347 
•16 M 847 

■ 15 }9'm% 

-IS l-i'MH 

■ 1& £0,348 



-IS M MS CI 



18.1-14 87849 

14 8684} 
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-14 27349 

-13 sg'sfto 

-13 35 350 
-14 19 868 





TiiDC of day. 
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I 


tf 
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N. 






13 
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la 
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V 


tl 
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weight 1 ^r&iii- 


17 


04 




11 :{0 A V 

I I 99V A • , ■1 > 


S. 


4 1 
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N. 




41 




0 .'10 I'.M. 
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-J P.M. 




17 


%. K 
dA 




11 0 A.M. 


s. 
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-0 
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1 w 




(3 I'M 


\i < ' 1 ( r f 1 f 1 If rtkt n 

» t 1 I 1 L 1 ^ 1 lU Ua 
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.'to r.M. 


Ui^i^t IIP K t' ] nrmiti 


7 
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'1 30 i*. \f. 


wfAKvltl 1 iX (v-t.111 n 


- i 








s. 








11 15 A.M. 


N. 


34 




0 




S. and N. 


59 


n 




? 30 P.M. 


wpij^bt 1 j^rain. 


1 7 




O'i 


3 00 P.M. 


wpiff nt 1 1t CFi*nin 


- 1 






1 1 30 


s. 




1 >( 


07 




N. 


34 


30 




0 30 P.M. 


S. ami N.- 


5Q 


21 




10 30 A.M. 


s. 


41 






11 15 A.M. 


N. 


*>4 


zU 


oa 






•19 


*i'4 
alO 




1 F*M» 




1 7 


«)i> 






W T^M—fc • K4«IM#* 


1 T 
1? 








ire^t S gnina. 
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s« 


AA 








N. 


34 


45 






0. 4UIU 


99 


9V» 






weight 1 ^raiii* 


1 Q 

Id 


t A 






WflKlli A KlUIII. 


1 D 


7 
/ 








00 


11 
31 






& 






81 


3 30 Pilil* 


N, 


In 


A 








.l*f 








s. 




n 
u 


90 


9 30 A.M. 




1 d 
1 s 




11 A.M. 


K 


41 


53 




1 1 SO A.M. 


s 




A 

u 




II 40 A.M. 


s. 


41 




Si 




s 


A1 
4 1 


*k7 




0 ^^0 ! .\]. 


N. 


34 


30 




1 0 I'.M. 


.S. mill N. 


59 


31 


39 


2 0 i>.M. 


Wt-iglit 1 ;;rain. 


17 


55 




2 30 H.M. 


weight I 


17 


56 




3 P.M. 


wciglit 2 graiu^ 


3g 


35 


50 


4 r.M. 


weight 2 grain«. 
S. 


38 




«9 


N'<ioii. 


42 






3 P.M. 


s. 


41 


»j 


36 


2 P.M 


wi-iglit 1 grain. 


17 


41 




10 30 a.m. 


S. 


42 


28 




11 15 a.m. 


N. 


34 


19 


88 


Noon. 


S. and N. 


59 


29 






weight 1 gnin. 


17 


a j 



II* 



74 



76 



76 



SMfl'atwL 



7fl I K.I- by E. 

I N.K.E. 

N.E. by K. 

72 K.N.K. 
70 

76 ! MJk by K. 



K. by !i. 



N.K. by E. j X. 



•4.W. 



I 



i N.K. by r.. 
N. hy w. 
s.w. bj w. 
N. by R. 
K.I. by K. 



K. by N. 
I .s. by w. 1 w, 
7" a.s.w. 
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r 
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•393 



>-594 



>-59h 



Undoa » 1-000. |~ l-3;£ 

T- 

•598" 

•605 
•595 
•594 

•sua' 
•58» 
•596 
•597 
•592^ 
■597 
•593 
•595 
•595 
■692 
•594" 
•596 
•596 
•.W7 
•606 
•5H9l 
•593 V-692 
•594 J 
•59 
•597 



•820 



•817 



•816 



•821 



•813 



•590 



•»10 



•595 



•ttl6 



'813 
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1840. 



Jan. ^1 

22. 

23. 
24. 

25. 

26. 

27 
28. 
89 
30. 
Feb. 3 

5. 



LaL Lohk. E 



TSm« «rf (hjr. 



— 14 51360 31 



-14 8351 31 



-13 43 352 01 



11 A.M. 

Noon. 

10 30 A.M. 

1 1 A.M. 

— 14 26351 57 NooD. 

0 15 P.M. 



h. m. 



11 A.M 

Noon. 



MMfaod tmfkoffti. 



-15 3351 54 



-15 23352 
— 15 17:352 

-15 19353 



10 15 A.M. 

Noon. 
0 30 p.M 

11 A.M 

„i Noon. 

3&10 A.M. 

11 A.M. 
laiO A.M. 



I 



-15 7 353 44 

-16 «S64 9 
-ti fi5|sS4 17 

.SisK-rs Walk, 
Jaine!> Town. 
St. UeleiM. 



LoDgM'ood. 
St.H« 



10 30 A.M 
Noon, 

11 Oa.m 
Noon. 



St. UeJcoa. 



1 F.M. 



10. -17 2 -' 153 .1011 30 A.M 

' — 17 an.T.-vg StI 5 p.m. 
n. 11 .<.M. 

' — IH 4U;i5^' 4<; Nr>oti. 

i 4 I'.M. 

— 19 1|3S2 44| 4 30 P.M.i 



S. 
S. 

s. 

8. 
& 

wekbt 1 cniD. 
8. 

veiglit 1 graia 
S> 

weiglu 1 gnun. 
8. 
N. 

8. and N. 
weight 1 grain, 
weight 1 ^'raiii. 

S. 

N. 

S. and N. 

«pipht 1 j^rain. 

S. 

wt'iglit 1 gniin. 
S. 

weight 1 grain. 
S. 

weight 1 grain. 
S. 

weight 1 grain. 
S. 

weight 1 grain. 
S. 

S. and N. 

N. 

weight 1 grain, 
weight 1| grain, 
weight 2 graitM. 
S. 

S.aiMi N. 
N. 

weight 1 grain, 
weight grain, 
wdght S gniof. 

8. 
8. 
8. 
8. 

8. 
8. 
8. 

8. 

s. 
s. 
.s. 

weight 1 grain. 
S. 

s. 



42 16 
42 7 

41 44 

42 6 
I 42 15 

17 52 

41 51 

17 41 

41 52 

17 45 

41 46 

17 50 

41 47 

33 54 

58 3G 

17 54 

17 56 

41 47 

33 5^ 

58 44 

17 57 

41 51 

17 59 

41 54 

17 r.fi 

42 ] 
17 4!< 
41 40 
17 40 
41 46 
17 48 

41 26 

58 18 

33 45 

17 43 

26 36 
37 13 

42 35 

59 56 

34 53 

18 13 

27 17 
39 62 
42 23 
42 2C 
41 47 

41 jS2 

42 20 
42 0 
42 19 
42 11 



42 
41 



19 
49 



41 51 
41 51 



32 



Ship'* head. 



141 4G 
l41 43 



0 






w. 








N. 




X.E. 




K. 


75 


} .... 

1 


67 


> N.£. 
J 


70 




77 


t. 


77 


8. by w 


77 


s. by w 


78 


4 i 


s. 


7'"- 


E.N.I. 


7s 




77 


8. \ W. 




8. bv w 



81 

69-7 
79 



77 
74 



.Observed . 
on shore. '* 



. Obscrrwl 



ir.w. 

It. 
>•& 

w. 



s.s.w. 4 w. 

S.W. ^ E. 
>>.8.W.^U'. 



laMiHity. 



uiiiiM-i<ooo. 



•589"1 

■601 I 
•593 ^ 
•589 
•598 
•599 
•604 
•598 
•601 
•601 

•Ml"* 
•W7 
•606 
•SOT 

•596_ 

•60 n 

•605 
•603 ( 
•596 J 

•ja^ / 

•598 
•597 
•595 
-601 
•604 
•605 
'601 
•601 

•eio 

•610 
•611 
•603 
•«17 
•615 
•581"^ 
•584 
•585 
•587 
•601 
•579J 

•5M 
•601 

•m 

•M7 

-m 

'SSt 
•M7 

•6or 

•599 
■599' 
•609 
•601 > 
•6O3J 



■594 

> •eol 

•600 
k -601 

•601 

•597 
J -598 
•598 
•604 
•601 

•Cll 



•586 



•5$1 



•600 



•603 
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13. - 



14.- 



15. 



IG. 



IH 





Time of dty. 
■ — 




OeflcctioD 
observed. 


1 . 

~ L. 
It 




Loag. 


— 0 


A 1 
■1 1 




n 
U 


li m 


S. 


n 

41 


So 


77 












S anfl N. 


59 


41 










iVoon. 


N. 


."M 




76 










wrifffat i grail). 


17 


^8 


76 










1 \-2 r,M, 


weight 1 grain. 


17 


36 












1 30 P.M. 


S. 


41 


57 










- 


6 r.M. 


8. 


41 


2 


74 


— si 


I 


•i5l 


49 


6 30 P.M. 


S. 


41 


4 


72 


— 21 


52 


351 


31 


10 A.M. 


s. 


40 


57 


72 










10 30 


s. 


40 


57 


74 


1 








10 45 


.S. and N. 


5/ 


34 


76 










11 0 


N. 


34 


1 










1 1 30 


.S. 


41 


0 


77 


_ 


12 


351 


2A 


Noon. 


weight 1 grain. 


18 


1 










1 0 P.M. 


\v<.-ight 1 grain. 


18 


0 


74 




19 


3£1 


S2 


3 0 


& 


41 


4 


74 


f*ii 


23 




oa 
sz 


5 0 


8. 


41 


11 


74 










5 


A 

s. 














6 SO 


8. 


40 


56 


73 


flu 


3S 


951 


10 


7 A>M< 


S. 


40 


41 










8 90 




40 


58 


77 


Am 


37 


351 


11 


9 90 


9> 


41 


0 










to 0 


S. and N. 


57 


45 












10 40 


N. 


34 


12 




— *«S 


423S0 


44 


Noon. 


weight 1 grain. 


17 


56 












1 30 P.M. 


8, 


40 


58 


78 




47 


350 


Oft 


S 0 


s. 


4] 


5 


76 










4 0 


Wright I grain. 


18 


0 


75 


^360 


51 


350 


ID 


o 30 


S. 


1 1 


4 


74 




ai 


348 


4b 


9 A.M. 


S. 


41 


7 












10 


wi'ight 1 grain. 


17 


50 


78 










1 0 30 


uriglit 1 grain. 


17 


51 


78 










1 1 nil 


S. 


41 


12 


80 










1 1 ;50 


S. 


4 1 


4 


80 


- J A 




30 


Noon. 


s. 


11 


10 


81 




39348 


•11 


2 30 P.M. 


.s. 


41 


2 


77 


— -4 


42 


348 


17 


4 0 


wt^ight 1 grain. 


1 7 


45 


74 










.5 


we^ht 1 grain. 


17 


4'< 


75 


t> i 
— s-l 


4234* 


! 0 


R n 
f> 0 


S. 


40 


59 


75 










7 0 


.s. 


41 


1-2 


71 


u r 

— 


0.34S 


0 


Miiinight. 


.s. 


v. 


4 


73 


— S*»> 








0 40 


weight 1 grain. 


17 


56 


7.1 


15,347 


59 


6 A.M. 


weight ) groiti. 


17 


51 


72 










7 


S. 


40 


49 


73 










11 


S. 


40 


57 


80 










1 1 30 


S. and N. 


58 


l:t 




-25 


24347 


49 


Noon. 


N. 


34 


9 












0 30 P.M. 


weight 1 grain. 


17 


47 


81 










1 0 


» eight 1 § grain. 


27 


IS 












1 30 


wdght 8 graiM. 


39 


11 




-25 


38347 


41 


6 0 


S. 


40 


13 


76 










6 30 


wdght 1 grain. 


17 


36 




-26 


8 347 


03 


10 A.M. 


& 


40 


50 


77 










10 3« 


& 


41 


10 


7» 


-26 


8347 


03 


5 rwM. 


& 


40 


24 


75 


-27 


0 346 


33 


10 A.U. 


& 


40 


20 


7<* 










10 40 


S. and N. 


57 


11 












11 80 


N, 


33 


1» 




-n 


6 


346 


as 


Moon. 




17 


m 

1 





S.*r. ^ w. 

S.W. by s. 

1. fajT E. 



8. 

s. by • 



v.. 
w. 



8.V. by s. 
w. 

E. 

». by E. 



Intrniity. 
Umloa - I-OOO. 1* 1-37S, 



■fio« 



595 , 



•599 



•596 



•599 



•59(; 



•.>9(' 



•598 



•59B 



> •605 



•602 



•615 



*B83 



•821 



•818 



•821 



•818 



•818 



•a«o 



•8S0 



•829 



•826 



•844 
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IM». 



Dcflntion | t 



SI 

»4 



-C7 57S46 



-96 57348 



-30 

-30 59.353 
'»1 7353 





-31 


in 


n.u 




-31 


17 


;(.'> 4 


23. 


-31 


4(i 






-31 


13 358 



25. 



10 A.M 

10 30 

11 10 
461 Nooo. 

10 30AJi 

11 1* 
11 4» 

3S N4M». 

$ 5 fM. 

tSi 9 SOa.m 
10 

45 5 30 F.M. 
23 7 .>.M. 
4«10 

10 30 

11 00 

111 30 

0 Niion. 
.T4 4 40 P.M. 

1 1 30 .».M. 
:i»io A.M. 

10 .10 

11 00 



S. 



40 



-30 1735$ 

-30 18.359 55il0 0 



6 A.M 

6 30 

7 0 



'I 



«7. 



iiB. 



«9. 

iSueh I, 



-30 14 359 
-30 30359 
-81 7*39 



-31 9|359 
-31 18359 



-31 SO 359 57 



-38 I 

-SS 39 
-35 9 



-33 23j 7 
-33 sj; 7 



10 40 

11 10 
Nooii. 

5 30 P.M. 

S710 A.M. 

10 id 
'10 45 
111 10 

11 40 

24 1 Noon. 

4^10 A.M. 

10 30 

11 20 
Noon. 

17 10 30 A.M. 

11 0 
1811 AM4 
4811 00 
II 30 
Noon, 

6 40 A.M 



-33 21 



41 



20 



S. 

s. 

.s. 

s. 

1 f;raio. 

S. 

weight I grail), 
vreiglit I grain. 

S. 

N. 

S. and N. 
weight 1 grain. 
S. 
S. 

S. and N. 
N. 

weight I grain. 
.S. 
.S. 
S. 
and N. 
N. 

weight 1 gnia. 



9 4 



11 0 

5 0 p.mJ 

5 15 i 

A 30 I 

5 50 

6 15 I 

3 40 P.M.' 

4 30 I 



9- 

S.widN. 
N. 

8. 
S. 

S. 

S. and K. 
N. 
1 



Vreiglit 1 gmiii. 
S. 



40 

weight 1 gnun. 17 
wdght 1| graio. «7 
nreiglit 2 graiiHu 37 
S. 40 
S-aodN. 
N. 

igkt 1 gnia. 
S* 

s. 

weight I grain. 

8. 

S. 

S. and N. 

N. 

wi'ijilit 1 gn*ii). 
weight 1^ grain. 
.S. 



57 
33 
17 
40 
40 
IS 
40 
39 
39 
57 
;i J 
11 
i6 
39 
39 
39 
39 
16 
39 
117 
!l7 
I 38 
32 
55 
16 
38 
38 
55 
32 
16 
38 
38 
38 
55 
I 32 

(17 

j 38 
I 3K 
■3- 

37 
54 

'31 
137 
137 
I 37 
153 
30 
i 15 
I 15 
!37 
1 37 



28 
27 
20 i 
47 . 
17 ■ 
34 I 
96 
29 
35 

1 
58 

1 
48 
48 

t 

:.i 

^'5 

27 
32 

4 

9 

7 
43 
12 

0 
20 

6 
37 
29 
22 

7 
16 

3 
50 

5 
31 
36 
27 
13 

0 
33 
34 
43 I 
5*-5| 

3-Sl 
16 
39-7 
23-8 

27-7 
10-5i 
52-51 

56- 21 

57- 8: 
12 I 
28 I 



78 



I 79 



■ I. 



s.E. by E. 

E. i S. 

I E. by s. 



"1 



70 
71 
71 
71 
70 
71 

71 , 
71 I 
71 I 
70 
70 I 



} 



N.W. 
S. 4 W. 

s. by TF. 



I 



> y.K. Ii E. 



E.N.e. 



V -607 



> -609 



> Hiss 



•636 



•640 



> •(547 



-638 



•64 i 



> -672 



•675 



-834 

•836 
•85S 

•849 

•87« 

•872 

•878 



-888 



•876 

•886 
•915 

•913 



•922 



•9U 
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1840. 
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Ul. Long. E 



-33 8 



-33 II 



-32 57 
-32 33 
-38 17 
-32 31 



Time of <U;r, 



10 11 



U 57 



6, 
7. 
B. 
9- 
10. 
11. 

12. -33 17i 16 .■>! 



14 00 
13 M 
17 0 

17 41 



32 45 16 37 

33 3' 16 46 



ti m 
10 Oa.m 

10 30 

11 0 
Noon. 

6 30A.M 
30 
0 



9 
11 



11 30 



10 
3 



-33 17 17 00 



13. 



-33 56 



14.-34 g0|l7 S7 
17. 



18. 
19. 



30 
50 
10 
30 



18 10 



Single .\nchor, 
Simon's Bay. 

Moorvd in 8i- 
m«Hi '» Bay. 



SOi Admiral'* jeUy. 



A.M 

15 

Nooii. 

Noon. 
0 30 f.M. 
10 Oa.m 
10 Oa.m 
10 SO 

3 

3 
3 
4 
4 
10 

10 30 

11 0 
11 30 

Koou. 
0 30 r.M 
30 
50 
10 
30 

A.M 
A.M 
10 20 

10 40 

0 30 p.M 

1 0 



I 
1 

2 
2 
10 
10 



NOM. 



Km. 



MiiIIiimI UMiilftiiiil 



s. 

N. and S. 
N. 

weight I grain. 
S. 
S. 

weight 1 grain, 
weight 1 grain. 

S. 

& 

8. 

8. 

& 

& 

8. 

8. 

& 

&uilN. 
N. 

weif^ht 1 grain, 
weight 1 grain. 
S. 

S. and N. 
N. 

weight 1 grain, 
weight 1^ grain, 

S. 

S. 

S. and N. 
N. 

wei|^ht 1 grain. 
S. 
S. 

S. and N. 
N. 

weight 1 grain, 
weighi 1 grain. 

8. 
& 

S. 

s. 
s. 
s. 

8. 
8. 
S. 
8. 

a 
& 

8. 
& 
& 
8. 
& 
8. 



SUip't hod. 



66 



37 16-7 

53 20 I 
31 

15 28 I 
.37 11 I 
37 11-7 
15 30-2 68 
13 Z9ri 
36 39-3 69 
36 SS*4 
36 IS 
96 394 
36 S9>& 
36 t-4 
33 M-* 69 
33 47'« 69 



67 
68 
68 



7i 
68 
61 
63 



33 33-3^ 

50 56-6 
29 19-5 
14 36-7 
H 42 
35 20 
60 57-2- 65 
29 ?8 ! 65 
14 42-2 64 
22 0-2 64 
35 20-2 
35 21 
.^0 55-8 

-'6 

14 40-3 

35 38-9 

35 34-5 

51 S»-7 
^ 37-7 

u 

14 ai-;J 

33 46-2 
a6 1-5 
3.'i 59-5 
35 33-2 
35 39-4 
35 17 
35 47-6 
S5 35 
35 S5*8f 
35 1 

34 56-2 

35 45 
35 24 
35 3I>8 
35 33 
33 
35 

35 39-2| 

36 39-7j79 



72 
7« 
72 
71 
71 
65 



65 
65 

66 

66 
61 
71 
71 

7) 

: 1 
71 



I S.E. 

s.c by K. 

E.8.E. 

s.e. 4 K. 
w. by X, ^ N. 

I «.E. 

I S.E. by s. 

>&. by E. 5 t 



>• s. by w. 



E.S.E. 



K.E. 

X.N.I!. 

B. 
K.S.B. 

B.e. 



S3.B. 

&.S.U'. 

s.w. 
w.s.w. 

ve. 
w.«.w. 

K.W. 

N.N.W. 

N. 
N.N.E. 

Ou shun:. 



{ 



•670 
•68 1 
•687 
•€78 T 
678 I 
686 f 
685 J 
•691 
697 
708 
695 
694 
707 
711 
713 
711 
719 
733 
727 
723 
723- 
720 
729 
722 
735 
723 f 
723 
720 I 
7:io I 
7JS4J 
715 
717 
716 
724 
724 
729 
712 
706 
706 
710 
715 
784 
7U 
717 
781 
738 
736 
719 
788 
718 
717 
732 
721 
715 
715 



•679 



•682 



> •780 



•725 



ri6 
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Tama I. (Coatinued.) 





Pufitiou. 








S 








lotemitjr. 




IMO. 


_ 


Time of day. 






fl 




Ship's head. 












ll«dwl«a(itor«d. 


obwmiiL 

















Lai. jUag. B. 
















Loodna- 1-000. 


- 1-372. 








S. 


35 0|_I-1 


—\ 
79 




s. 




•729 








Muonid ill Si- 
mon's Bay. 




s. 

s. 


35 lt>-e 
35 39 \ 


76 




».w. 
w. 




•726 
•715 








34 11 |18 96 




& 


35 50-7 






x.w. 




•710 










& 

8. 
S. 


35 45-6 
35 48-9 
35 38-6 






s. 

K.E. 
E. 




•71t 
•711 
•715 








Block Huiue 




s. 


35 39-3 


80-5 








r ^715 1 








SinMlt Bay. 




S. and N. 


51 00-4 


80-5 








•716 








Noon. 


N. 

wciglit 1 grain. 


S9 54-2 
U 4H-9 


MO-5 
87-5 








•714 
•719 










B AM. 


weiglit 1^ grain. 
S. 

a. mi N. 
N. 

weight 1 ^raiii. 
wi'iglit 1^ grain. 


i2 57-8 
33 40-8 
51 13-5 
29 51-5 
15 20-6 
42-4 


87-5 

80-5 

80-5 

80-6 

9« 

91 

1 


H 


^ Obwnred 
ou «hor«. 


•< 


•709 
•715 
•714 
•716 
•696 • 

L -715 J 


►•715 


•981 



Ohxen-Qlinns in tin- Tenur. — Tlie observations in the Terror were made «ith a 
Fox's needle of four inrlies diiimeter; one of etjiial size with that ia the Krebns, 
which was not ready wlieri the Expedition sailed, having been sent out subsequently, 
and reodved by Captain Cmam, at Van Diemen Islatid, in August 1840. An in. 
stniment of only two inches radius, for the purpose of determining both tlie dip and 
intensity at sea, might previously have been regarded by many persons as scarcely 
more than a philosophical toy ; and as little likely to yield results having the preci- 
mon which is now required in such determinations. It has, however, in Captain 
Caouaa's bands, fully justified Ibe expectations wldeh Mr. Fox, from bis own expe- 
riments with it, had ventured to entertain. On land, the instraments of the Erebns 
and Terror are, for the most part, as &r as they bav c yet reached us, nearly identical 
in their results. Confining our attention to the intemity as the subject immediately 
before us, the intensities at James Town in St. Helena, and at Longwood in the same 
island, measured by the instruments of the two ships, the days and spots of observa- 
tion bang the same, are by the Erebus in the proportion of '586 at Longwood to 
*61 1 at James Town, and by the Terror as -587 to -61 1. Ttie agreement is in this 
case the more valuable, because we are justified by it in ascribing the difference thus 
found between places so geographically near to each other, to a really exi.sf in<,' diflfer- 
ence (viz. to station error), rather than to accident or to observation error, an might 
have been done, had only a single instrument been used. A similar accord in the 
tenninations of the two instruuicnts is shown by the results at the Cape of Good Hope 
and Kerguelen Island, which, thougli more properly belonging to the next section, 
may be instanced here in evidence of the confirmation which the two instruments 

* Omitted ia the OMsa. 
MDcccxui. a 
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inutiiall7 affiwd eadi other ; the EnImu making tbe intensity on diore at Chrittmaa 

Harbour, in Kergaelcn Island^to bene 1*066 to 0'7 15 at Simon's Bay, and the Terror 
as r0675 to 0-715. At <r[i. wherein consequence of the motion of Oie ship, the inferior 
size of the four-inch iii-stnunent cannot be compensated by additional time given to 
the reading, or by other arrangments conducing to minute accuracy, the probable 
error of a single reiiolt appears, as might be expected, to be mmeirbal greater with 
the four inch-tban with the 7|-incb needle ; but, with this reservation, the observations 
made at sea with the two instruments, when the ships vere in coinpaBy, are bigUy 
confirmatory v.ich of the other. 

The table which Uan been i-eceived fi-om the Terror cootaius almost duiiy obser- 
vations from the 1st of January 1B40 until ber arrival at the Oipe of Good Hope in 
tjie following March. The intensities were observed botii by deieetors and by oon^ 
stant weights, whicli latter, in the four-iiieli instrument, were "5 and '3 of a grain. 
St. Helena is the only land station observed at in the passage; the intensities ob- 
served at sea have therefore been computed relatively to the observations at Jaoies 
Town St. Hdena, taken as a base station ; and the value of the intemd^ at Jamea 
Town bas been taken as determined by theErebns, vis. as O-OIl, to unity in London, 
or as 0*838 to 1 -372 in London. The values of «/ for the Terrors deflecton^ N. and S» 
required, instead of a table of coercing wclg^hts, in eomputing the intensities when 
the deflectors were used, have been derived by the method already explained. Tables 
of these values for each degree <rf deileetitw are subjoined: ndther mi a careful ex- 
annnation of the observations, nor in the process of forming these tables, does tliere 
appear any reason to suppose that the deflectors or the needle sustained any change 
In magnetic condition during the period embraced by the observations under notice. 



Vahiet ti itf, T«rw'* OaSaelon. 


N. 1 


«• 












34 = -726 


■40 =^ -ttia 


M = -731 


41 = -811 


3fi — 




37 = -711 


43 ■:'J7 




44 = •792S 


39 = •703 


45 = -791 








47»'78SS 





With the values of u' taken from this Table, the intensities at sea are obtained rela- 
tively to 0-611 at St. Helena (Loudon = I), by the formula 

I' as -5393 w' coaec t/. 
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Table II. 



ObfiervatioDS of the Maj^netic Intensity on Shore, atul on Board Her Majesty*! Ship 

Terror, witb a four-iuch Fox's Needle. 



IfUA. 


Fositioti. 


Tine of dftj. 






1 ^ 


Ship's hMd. 








obimei). 












Ul. 


LoDg. E. 






— 






-l-OOOi 


= l^SJS. 


Juk 1. 


e / 

-28 17 


3319 S9 


h in 
9 25AJi. 


N. 


4^ 87 


77 




•MTI 














s. 

weiglit '5 grain. 


38 54 
36 50-5 


77 
77 




•604 

•597 


>■ -ASl 


•812 










wcicht '8 imin. 


16 20 0 


77 


B. i X. 


•575 






». 


-«8 03 


341 41 


9 50 A^. 


N. 


46 02-1 


76 


•593 














S. 

weight 'o grain. 


39 57-0 
27 31-0 


76 
76 


•588 
•583 


► -687 


'808 










weisht -3 grain. 


IG 08 0 


76 




•582 






8. 


-27 48 


341 53 


6 0 


N. 


45 35 


76 


N.E. j B. 


•596* 












S. 

weight "5 gr;ii]i. 
weight '3 grain. 


,')H .'".7 


76 
76 
76 


•603 
•587 
•603 


> '697 


•820 


a. 




342 28 


9 40 A.M. 


N. 


4i 40 


76 


N.C. by E. 














S. 

weight -5 grain, 
wvieht '3 sraisi. 


39 01 
27 20 

1.5 41 


76 
76 
76 


■602 
•587 
•598 


> '695 


•817 


4. 


-96 60 


342 68 


9 40 AM. 


N. 


C 03 


76 


N.X. 


•602" 














S. 

weight *6 grain. 


:f9 03 
S6 55 


76 
76 




•601 
•596 


*■ '600 


•824 










weight '3 groin. 


15 33 


76 




•603 






A. 


-M AO 


S48 M 


10 00 A^. 


N. 


45 25 
39 07-6 
26 18 


76 


N.X. by, N. 


•598' 














S. 

weight -6 grain. 


76 
76 


•600 
•607 


y 603 


•828 










weight '3 grain. 


IS 2H 


76 




-607 






6. 


—84 88343 0 


9 SOA.M. 




45 27 


76 


















S.' 

« eight *5 grain. 


39 26 
26 27 


76 
76 




•605 


> •593 


•816 










weight '3 grain. 


16 27 


76 




•571 








66348 30 


10 MA4I. 




46 34 


73 




•5[»f> 














S.' 

weight *5 grain. 


40 10 

26 57 


73 
73 




•585 
•694 


>. -694 


•816 










weight -3 grain. 


16 34 


73 




•602 






a 


-»1 43 


344 13 


10 6 am, 




46 06 


76 


MA 


•59 1" 














& 

weight *5 grain. 


41 06*5 

26 32 


76 
76 




•674 
•603 


>■ •689 


•810 










weight '3 grain. 


16 00-5 


76 


B>| H. 


•fi86 






9* 


-M SI 


346 05 


9 45a.m. 


N. 


46 81 




•AM* 












& 

weight '5 erain. 
weight '3 giain. 


40 9S 

27 48 
16 07 


74 
74 
74 


•578 
•583 


> ^583 


•800 


1«. 


-19 12 


345 45 


9 QOa-h. 


N, 


46 04 


76 




•59 r 












S. 

weight -5 grain, 
weight *3 grain. 


40 OS 

26 39 
15 40 


76 
76 
76 




•687 
•600 
•693^ 


► -593 


•815 


11. 


-17 44 


346 10 


10 M AM. 


I- 


45 51<5 


78 


M, 


•594 














39 48 


78 




•590 














s. 


39 21 


7» 




•597 


» -594 


•816 












26 51 


7(* 




•595 














weight -3 LTuiii. 


l.T •J7-5 


78 










IS. 


-17 23 


346 29 


9 00 A.M. 


N. 


46 05 


76 




•091 














weight -5 pram. 


40 25 

26 53 


■6 
7fi 


•583 


> -593 


•815 










weiglit -3 (jniiii. 


15 38 


76 




■r:,lj LI 







■ 2 
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Tablk II. (Continued.) 



1840. 



Poiition. 



Ut. Long. E: 



Tfancatd*;. 



MMbadfBfliijrad. 


Meetion 

«hMnrcd. 


E S 






56 


si 


N. 


45 


74 


N. 


45 


39 


74 


t. 


39 




74 


s. 


39 


45 


74 




27 


07 


7< 


weigtit -It f^raiii. 


Ih 


55-5 


74 


!N. 


413 


50 




a. 


39 


17 


7o 


weight -5 ffrein. 


27 


01 


76 


weight -3 grain. 


15 


2o 


76 


N. 


4d 


18 


/6 


S. 


39 


04 


70 


weight '5 grain. 


27 


20 




wi'iglit *3 grain. 


15 


12 


70 


N. 


46 


So 


70 


S. 


38 


12 


70 


weight *5 grain. 


25 


54 


76 


weight -3 grain. 


14 




76 


N 


46 


25 


• /^ 


s. 


39 


43 


70 


weight '5 grain. 


i6 


27 


76 


w«i^*3gniii. 


15 


32 


7« 


Nt 


4C 


10 


70 


S. 


39 


t4 


Hit 
76 


weight *5 grain. 


96 


40 


76 


wewht •< gnin. 


15 


24 


76 


N. 


45 


19 


70 


S. 


39 


01 


76 


weight '5 grain. 


26 


52 


76 


weight '3 grain. 


15 


08 


76 


N. 


45 


39 


*6 


S. 


;ts 


^9 


76 


weight -5 grain. 


2b 


31 


70 


%r( iglit -3 grain. 15 


09 


7G 


N. 


46 


So 




s. 


39 


29 


/6 


Wf.iglit -6 k'nuii. 


27 


14 


76 


wrii^ht grain. 


14 


50 


7h 


N. 
S. 


46 


OD 
04 


76 


weigitt 'o grain. 




5y 


76 


weigiit '3 grain. 


14 


51 


76 


N. 


46 


Do 


76 


fi. 


39 


14 


76 


weight 'h grain. 


27 


15 


76 


weight *3 grain. 


15 


3C 


76 


N. 


45 


23 


/" 


S. 


38 


69 


7fi 


weight '5 grain. 


26 


05-5 


76 


weight '3 grain. 


14 


58 


76 


N. 


45 


32 


76 


S. 


38 


37 


76 


weiglit '5 p-aiii. 


i6 


39 


76 


weight i,'rHii]. 


15 


07 


76 


N. 


45 


21 


76 


8. 


38 


19 


76 


weight 'i grain. 




33 


76 


weight '3 gnuB. ila 


08 


76 



SUp'thMd. 



- i-eoo. 



. 1-372. 



Jan. iSi 



.IC 43i347 MIO OA.M 



14. 



i 4»AM 



15.-15 90947 55 9 10a.m 



l€. 



17. 



18. 



19. 



-15 41 848 09 
-1ft 87848 M 
—14 46 849 9i 
-19 44.350 20 



9 19 AM 



9 45A.K. 



9 45AJI. 



9 )5a.m 



-14 M 850 19i 9 20A.M 



I 

— 14 2^350 :;i,10 15 A.M.) 



SI 



91 



I 

— 14 64 350 251 8 50 A.M i 



—14 53350 S6 



-14 083M 28 



£4. 



-IS 3€3fti 0 



-14 19051 53 



9 50 A.M. 



9 40A.M 



9 46 a.m. 



9 19 am 



•.w. bjr a. 
B. bf K. 



i.W. ^ w. 



si.w. by s. 



S.IUC 



8.W. by 8. 



s. I w. 



•593 
•595 
•594 
•591 
•591 
•590 
•583] 
•598 I 
•593 f 
•608 J 
•588 ) 
•601 I 
•586 r 
•617J 
•598 1 
•616 
-616 
•638 
•587 
•591 
•604 
•604 
•590' 
-596 
•899 
•609 
•599 
•602 
•595 
-619 
•.135 
•605 
•603 
•619 
•5871 
•595 I 
•588 f 
•637J 
•590I 
•601 1 

•614 r 

•631 j 

•.i9I ' 
■^;)H I 

•Go I ,' 
••^98' 
•602 
•612 
•626 
•597 
•609 
•600 
•620 
•599 
•613 
•60S 
•619 



>• -592 



•595 



•598 



•617 



•697 



•604 



•605 



•602 



•€09 



•594 



•609 



-607 



•608 



•812 



•816 



'820 



•847 



•818 



•820 



•829 



•830 



•826 



•836 



•815 



•836 



•834 



•835 
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39 



iM. Long. % 



Time of da;. 



Method eniplo>i'il. 



I 



^bj|>'ll liCIKl. 



Jan. S5. 



-U is 361 



h 

53 9 



m 

15 A.M. 



«& -U 14 MS OS 



87. 



-15 11352 3S 



9 15A.M 
9 15 

9 15 
y 15 



9 lfiA.U. 



28.-15 19*353 6| a 40A.M 



S8 



S9. 



-15 20353 07 10 40 a.m. 



-15 00353 36| 9 30A.M 



N. 

& 

wdght '5 gnio. 
wfltekt -S gnis. 
N. 

S. 

wdght '5 grain, 
weight '3 grain. 

N. 

S. 

weight •& grain, 
weight -3 grain. 
N. 

s. 

weight *5 giiiia. 
weight '3 graiu. 

S. 

weight 'it gnkia. 
weight *3 grain. 

N. 
S. 

weight *5 grain. 



weight 



15 02353 36,10 45 a.m. 



M.-15 10354 510 IOa.M 



31 
5. 

II 

IS. 



15 40364 19 9 15 a.m. 



-15 U9M 17 0 46 M(. 
Sfalo'i Walk, 
SCHekM. 



-17 H|393 33 9 40 a.m. 



18 3335e 52 9 15 a.m. 
-20 22 352 06 9 20 a.m. 



■3 grain. 



weight '3 grain. 
N. 
S. 

weight -5 grain, 
weight *3 grain. 

N. 

S. 

weight *5 grain, 
weight *3 grain. 

N. 

S. 

weight '5 grain, 
wight '3 gniia. 
N« 

weight '5 grain, 
weight -3 gruiu. 
N. 

weight -5 grain, 
weight *5 grain, 
weight '3 grain. 
weiglit '3 oniD. 
N. 

.s. 

s. 

WKight '3 grauii. 

S. 
N. 
S. 

weight '5 grriiti. 

weight *3 grain. 



4*6 
88 
S6 
16 
46 

sa 

96 

16 
46 

iin 
36 
15 
45 
.•!H 
i5 
15 
45 
38 
26 
l.'i 
45 
:!y 
3.5 
15 
45 
39 
15 
45 
3H 
26 
15 
45 
38 
36 
15 
45 
39 
27 
16 
,44 
' ?6 
li 
46 
27 
37 
16 
16 
44 
39 
38 

.!.-, 
I 45 
I39 

45 
i38 

'iC, 
1 16 



40 

39 
SI 
08 
tt 

S5 

31 
31' 
27 
33 
45 
0 
41 
40 

18- 5 
17 
30 
29 
30 
29 
02 
5G 
18 
58 
14 
36 
39 
28 

19- 5 
58 
47 
37 
12 
10 
03 
17 
02-4 
41 
Sl«« 
09-8 
21-7 
07 I 
10 I 
06-5 
071 



42 

09 
4- 

46 

12 
04 
10 
17 
20 
02 



1 4 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
76 
76 
76 
76 
76 
76 
76 
76 
78 
78 
78 
78 
7« 
78 
78 
77 
77 
77 
77 
78 
78 
78 

78 
81 
81 
81 
70 
70 
70 
70 
70 
77 



77 
77 
76 
76 
77 
77 
77 
77 



S.8.W. 



t'.8.W. 



E.ii.E. 



N.K. by K. 



S.S.W. 



«. hj w. 



.Obaerred 
on •hore. 



s.w. by »» 
s.w. 



•596T 
•608 i 
■600 f 
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•601 J 
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•609 
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Tabui n. (Coptmned.) 
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Q 

44 


f 

62*5 


76 


45 




76 


45 




76 


45 


03'ii 


76 
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01*2 


76 


45 


01*3 


76 


44 


58*5 


76 


45 


06*2 


76 


45 


07 5 


76 


45 


03*K 


76 


45 


03*6 


76 


45 


10 


76 


45 


00*2 


74 


4A 




74 


£6 


3d 


77 


Iv 


AC 


77 


39 


09 


77 


45 


99 


77 


45 


40 


77 


45 


4b 


77 


45 


47 


77 


45 


52 


77 


45 


47 


77 


45 


40 


77 


45 


49 


77 


2" 


08 


77 


10 


14 


77 


39 


43*5 


77 


45 


24 


77 


45 


26 


77 


45 


22 


78 


45 


29 


78 


45 


21 


80 


45 


32-5 


80 


45 


38 


76 


45 


41 


70 


45 


28 


75 


45 


35 


75 


44 


41 


80 


44 




80 


38 


48 


80 


26 

' 16 


26 


80 


12*j 


80 


45 


OS 


77 


45 


01 


77 


38 


45 


77 


26 


53 


77 


Id 


43*5 


77 


44 


44-7 


78 


38 


48*0 


78 


27 


13*7 


78 


15 


1»1 


78 


44 


34-7 


78 


SB 


ei'9 


78 


36 


28-7 


78 


15 


46-9 


78 


44 


U'% 


77 


38 


18 


77 


26 


02 


77 


15 


OS 


77 



Ship'i bead. 



Inl«ntit<r. 



Lonaoo - 1-000. . 1-372 



Feb. IS. 



-21 55351 33 9 
9 

'ft\ 571851 31 9 
10 

22 03 351 30 10 

22 05:351 28! 10 
II 

22 07351 27 1 
1 
1 

2 
5 
6 



-22 15 351 26 
-22 20,351 22, 



m 

10 A. 
24 a. 
55 A. 
10 a. 
24 a. 
36 A. 
55 a. 
05 A. 



14. 



— 23 32350 58 9 00 a. m 



15. 



16 



-Sa 14 350 

-23 48350 
-23 54|s58 
-24 29,348 



24 31 :i4H 
24 3.'i348 
— 24 39,;i4H 
-24 41 348 
-25 18347 



27 
IS 
48 



9 

44 U 
II 

3 
4 
5 

5 

8 
8 
8 



24 
19 
54 

I 

17.-26 03347 07 



18. 



19. 



-26 51 346 .T 



20 A.M. 

39 A.U. 
45 A.M. 

40 P.M. 
00 r.H. 
40 
SO 

.")() A.M. 
i)Q A,.M 
50 A.M 

8 60 A.M 

H .'iS A.M. 
4-J 10 00 A.M 

10 A.M. 

36 U 40 A.M 
Noon. 
3 40 H.M 
3 50 P.M. 
5 35 P.M. 
5 50 P.M. 

8 50 a.m. 

9 20 a.m. 
20 A.M. 
20 A.M 
20 A.M. 
40 A.M. 
30 A.M. 
30 A.M. 
30 A.M. 
30 A.M 
15 A.M 



27 54 346 43 9 20 a.m. 



-28 47348 LV 9 30 a.m. 



N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 

weight '5 grkin. 
wc^jkt 'S gnin. 

N. 
N. 
N. 
N. 

N. 
N. 
K. 

N. 

nciplit prain. 
\¥cigltt '3 grain. 

s. 

N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
S. 

weight -5 grain, 
wi'ight *3 grain. 

N. 

N. 

S. 

weight '5 grain, 
weight *3 gnin. 

8." 

weight '5 grain, 
weight -3 grain. 

N« 

8. 

weight '5 grain, 
weight -3 gruin. 

N. 
& 

weight *5 grain, 
weight *3 grain. 



8. by w. 
iw. 



* w, by s. 



by s. 



W.8.W. 



S 9.W. 
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S.B. 



s.B.| s. 
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•60t 



594 > 594 



•594 
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•596 
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-G04 
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Tablk II. (Continued.) 
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9 
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43 


34 
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37 
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53 


9 
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N. 


43 


14 


75 
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P 
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S. 
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37 

1 


33 
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7» 
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u. 
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04 


10 
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B. 


36 


nA 

23 


75 
75 


MhW. 
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•647^ 
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Mndaum AiAmn'i^.— In the paonge from EngUmd to the Cape of Good Hope the 
Expedition traversed three times that large space of the Atlantic in wtiicb tlie mag- 
netic intensity is Ipsr tlian in any other part of the surface of tfie glube ; first in a 
soiitlierly cniirse. in and about the meridian of WMf E. ; a second time in beating op 
to St. Helena, in and about tbc meridian of 345' £. ; and a third time in the course 
from St. Helena to the Cape of Good Hope, in and about the meridian of 360* E. 

Before we esamlne more particnlarl]r the retolts of die obMrrations made doring 
these traverses, it will be proper to clear them from the efibcts of the ship's iron, as 
far as the data furnished will enable us to do so. 

It is obvious, on a simple inspection of the results in the tables, that, in the 
soatbem hemisphere, when the ship's head was on the points fW>m S. EL to 8.W., the 
intensity oheerml was generally slightly in excess, ami on the contrary, when on 
the iMiDts from N.R. to N.W., bliglitly in defect ; and that such was the case in both 
ships. At St. Helena and at the Cape of Good Hope, an endeavour was made to 
ascertain more precisely tbc effect of the ship's iron in modifying the results, by 
pladng the ship's head mcoessively on the principal points of tlie compass, and ob- 
serving the intensity in each position. At St. Helena, the experiment fiuled, owing, 
apparently, to the disturbing influence of the island itself, which, even at the distance 
at which the vessels were anchored, was found to be sufficient to mask the local at- 
traction of tlie ship, and to produce anomalies which were not experienced at sea. 
At the Cape, the geological character of the land interposed no such difficulty. Hie 
fidlowing Table shows the differences fbund at Kmon's Bay between the intendty 
observed on eacli of the sixteen principal points of the com|)ass, and the arithmetical 
mean of tin; whole. Each difTcrcncc has tlie sif^n jirefixed which would l)e required 
for u correction to the arithmetical mean. Allowing for discrepancii's incidental to 
single observations, the gcncnd aspect of the differences is sufficiently systematic to 
justify as in Regarding them as principally occasioned by the influence of the ship's 
iron. 
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This experiment was repeated at Kergvdcn Isbnd, bat inth the ship's head placed 
fioly on the eight principal points: the eeason and weather were unfitvourable, and 
tbe errors of obMrniUon were oonnqnentfy f loUer than at the Cape « but the general 

indication is the same: the results are as follows : 



Ship'a head. 


DUTenacM btm the Bc«n. 


Mean of Uie 
t«o •hi)*. 




DiflimBOa from the mean. 


Mean of the 

two Bhi^M. 




T«frar. 


Btcbu. 


Tenor. 


1. 


+ -008 


- -003 


+ -OOS 


W. 


+ '99S 


+ *007 


+ -006 


ME. 


-•007 


000 


- -003 


N.W. 


000 


+ -008 


+ -004 


8. 


- -016 


- 027 


- -021 


N. 


+ 007 


+ -OO-S 


+ -006 


B.W. 


— -OH 


+ -001 


- 006 


v.r.. 


+- -OH 







The experiments at the Cape and Kerguelen Island agree in indicating tbe points 
of greatest disturbanoe to be from SJL (through south) to S.W., cau^ng on augnien- 
tatiott, — and fnun "SJL (through north) to N.W., causing a (liminntioQ, — io the re- 
gular magnetic intensity; the augmentation on the soutlurly points being rather- 
greater tlian the diminution on the northerly, roiiipensated by there he'w^ a greater 
number of the remammg points in defect than in exce&s ; tlie latter points being 
affected in a minor decree. Considering that tbe difiecences shown in the two last 
Tables necessarily oombine the errors of observation with the influence of local attrae- 
tion, we may regard the effect of the sbip"-^ intn on the intensity needle a« probably 
amounting, in extreme cases, to i^th ot the eartli's magnetic force; but nn much 
the greater number of points as probably far less than that amount. In l ubiu III., 
which contafaM the residts of the aloMist daily observations made hs tbe Erebus bc- 
tween December 7, 18S9, and Eebroacy 99» 1840, in the space of the Atlantic com- 
prised betf^een the two pnrtions of the isodynanuc carve of 0^, I liove employed tbe 
following scale of correction* : 



Sliip'* bead < 



S.W. by S. to S.E. bj8. - 006 

S.W. and 8JB. . . . . — '007 

W.S.W. and E.S.E. . . - -QOi] 

^W.hjS.tuadE.bf&. . 000 



W. and E + OOl 

W. b}r N. Mul B. by N. +'€09 
8]iip'sllCMi<^ W.N.W. and E.N.E. . + 003 
N.W. and N.E. . . + '004 
LN.V.brN.toNJS.by N. + -OOS 

• After tlM«gnuMnicitiaB of ^ paper to Oe Bard Society. I loedfadl^ 

of a tbird experimrnt of the some kind, made in the TerroT on thp 20t!i of Octobe r IS-JO In the river Dtrwcnt 
in Van Uiemea laland. I aubjoin theae reaulta in further eridence of the general correctneas ot tbe deduo 
OoM wUeblww beeadimrain rqpaidtotiieinftueneecf tiMaU;i^a&naiiiiit ^jateoiitf < 
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+ ••05 
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Table IIL 

Abitiact of the Intenrities observed in Her Majesty's Sbip Erebus, in the space of 
the Atlantic comprised witliin the isodynaaiie curve of (hO. 



PMition. 



UL iLoog. E. ■= 




Lat. l^ag. E.. ^ 



tnrrrc- 



Corrected 

ititfiisity. 



■ 4 49327 

- 6 24 337 

- 7 .-.fi:i27 

- s Hi ;«7 
-11 03|33H 
-12 32:328 

- H 0 .-(i'l) 
-In 0-t .'t.'SO 
-16 oi.tao 
-19 01,330 
-21 3i;330 
-21 47'330 

-23 14 330 

-24 S2331 
-U 4»332 
■Se M338 

-as Mm 

.a? M 334 

-S7 43j335 

— S6 S3 335 



-flS 01 



335 



-25 SI 335 

-26 lyssfi 

•27 04 337 
-27 43 338 
-28 19 340 
-38 0I|341 

-27 -'6 34^ 
.86 4-34.; 
•25 34.142 

-24 ia|34a 

-S« 4*343 

•21 30 344 
20 20 345 
-18 53345 
-17 30346 
-17 ll|346 
■ 16 30 347 

i;i:i4>s 
-15 2u;H8 

-15 49'348 



15 30^348 51 

-14 33349 37 

-13 37j350 33 

-14 19350 33 



14 51 



350 31 



•81 Oj 

•big' 

I 

•Si 3 
■815 



-14 OS 351 31' -825 



E. 

K.B. by E. 
s.«. bv s. 
HA.V,. 

E. br v. 

n. 

E. 

N 

i.W 



■13 43352 01 

-14 26|351 57 

•15 04 351 54 

-15 23 352 Ofi' 

-15 17 352 35 

•15 19353 13 

-15 07353 44 

■ 15 05 354 08 

-17 26 353 2m 

• 18 53 352 45! 

-20 51 351 55 

-22 021351 2 



e. by 

I •;.} 



♦ -noi : 
^|--001 \ 

-■005 I 
-(-•002 j 



■oos 



■823 s. by w. ^ w. —•008 



-22 21 



351 22 



—23 35 351 05 

-23 47 350 29 
-24 34*348 39 
-24 461348 12! 



-25 19347 54 
-25 31 347 45 

-26 08 347 03 

—27 03'346 32 

-27 56346 44 

— 29 02348 46 
-30 14 351 37 
-31 08 353 56 
-31 46. -{.M", 3.S 
-31 13l3.> 3» 

— 30 20:359 50 



-31 13359 39 



-32 01 
• 32 54 



2 17 
4 53 




■811 
•815 

•817 
•815 
•818 

•823 

•815 
•817 
•817 
•811 
•812 
•823 
•821 
■SI 7 
■mh; 

•819 
■815 
■813 
■810 

•Sl» 

•819 

•819 

■819 

■813 
■822 

■824 

■836 
■827 
■829 
■845 
•843 
•866 
•872 

•873 

•879 
•907 
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When these icsults are transferred to the map of the portion of tiie Atlantic to 
whicli they refer, and arc examined in detail, their systematic character becomes 
much more obvious than in the Table, where, in consequence of the successive alter- 
oatioDS of increa8tng and decreasing latitude, their consistency is not t>u easily fol- 
lowed by the eye. On attentive examination of tin map it is not dittcolt to trace vithtn 
email limits tiie coorae of an ideal line» whicli ihonld eonnect the pointi in the several 
meridians, where the intensity was weakest at the epoch of Captain Ross's voyage. 
The determination of the position of thi'i line is easier, nml in some respects more 
sure, than that of an isodymunic line, becati:»e it is independent of the permanency 
of the magnetism of the needle employed, for more than the §tw days oceupied in 
the immediate resourcb ; and it is also independent of the correctness of an assumed 
intensity at a base station. It is therefore to be expected tiiat the position of this 
line will become in futnrc years the siif>iert oT frequent examinaHon, rvinir to mark, 
from time to time, the pro/;res.s of the secular chan^'c in its position. Tiiis may l>€ 
done with the more interest and advantage, because there is reason to believe that 
its position te changing rapidly in the space referred to^ porticolarly in the eastern 
meridians ; and that the southern magnetic hemisphere, in so far as its boundary 
may be indicated by this line, is in that quarter of the globe gaining rapidly upon 
the nortliern In the fu-st of the present series of " Contributions"*, tlie line of least 
intensity was drawn from observations corresponding nearly to the epoch of 1825, 
and this line of 1685 is lightly retraced in the present map for the pui-pose of com* 
parison. It will be seen, that whilst its general direction Is connstent with the ob- 
servations of Captain Ross in 1840, its earlier position is everywhere three or four 
degrees south of tliat which would be now inferred. It is readily admitted that many 
of the observaiions from which the line of 1825 was drawn are inferior in precision 
to those of Captain lioss ; and I r^oioa hi the late improvement la tUa class of ob- 
servations, for which we are mainly indebted to the method and Instrnment devised 
by Mr. Fn^ and to tlie iseal and unwearied patienoe of onr naval officers. To an 
observer, however, who is proceeding in a nearly nctrth nnd south direction, very 
little uncertainty attends the determination of the time and place at which he finds 
the weakest intensity ; and if we couipure the observations of Dunlop, Erhan, and 
SuuvAN, with those <tf Ross and CiMwna, we invariably find that the earlier ob- 
server makes the place of the mtnlmnm a fittle more sontfaoly than later determi- 
nations. 

A glance at the map suffices to show where deterniiuatiotis are now most wanted, 
and to point out the track where additional observations would be most valuable : 
it wonid be nearly that of a vessel maldag the eastern passage to thejCape of Good 
Hope. 

• HwlowfliiMJ Twawcriflin. IM, Pto Y. 
f2 
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I 6. Ob$enaHim <gf /fttovi^r belweat ike Ccqte <^ Good Hope and Ktr^pietm IilamL 
On the 6th of April 1B40 the Expedition quitted Simoa*o Bay, and on tlie tome 
ii%ht the ErebiM and Terror parted oompany, and made tiieir passage to Kerpielen 

Island on separate courses. Although the weather was very unfavoiirahle, the prac- 
tice of daily observation with the majrnctica! instmments was continueti with very few 
exceptions, by the Erebus during the wboJe pansuge, and by the Terror from Simon's 
Bay as ^ as the meridlaii of the Croset Islands, which was the first rendesvons. 
The obaervalioits of intensity on board tlie £rebas were chiefly made with da- 
fleetor the other deflector N having been used only five times daring the whole 
passage, whilst the number of observations with S ainounts to tlili'fy-six. For the 
values of w', in the case of deflector S, we have the comparisons with the constant 
weights at the Cape and Kergnden Island, and three good intermediate comparisons 
at sea, vis. on the 11th, I3tb, and 18th of April ; a fourth attempt on the Ist of May 
failed from some acMndcntal error in the observation with the constant weight. 
Pursuing the plan of f,n-aphica! roprespntation already (loscribt'd, we find that the line 
connecting^ the terminations of tiie ordinates at the Cape and at Kt rgiielen Island 
pasiseti eitlier tiirough or ottremely near the terminations of the utiier three ordinate^, 
indicating the unchanged magnetism of the deflector ; and we obtain the following 
Table of the values of vf for the degrees of deflection in the Table : 



Values of «*, daOeetar S, Bnbm; Cupe «f Qood Hop* 
to Kcigudieii bbnd. 


p^ 1 

SS = 2-62S 

26 = 2-694 1 

27 = 2-560 

S9 = S'494 I 
SO a S>«iMl 


gr*- 

31 = 2-426 

32 = 2-392 

33 = 2-3.^H 

34 m«-384 

36 = S-S60 



Regarding the Cape as the primary stat ion, and its intensity s 0*715 (London = 1), 
the intensity at the other stations is given by the formula , 

r = -1837 w' coseci/. 

The observations with deflector N betwen the Cape and Kcrcjuelen Island being 
few, and the two intermediate comparisons at sea with the constant weights exhibit- 
ing considerable discordances, either from the unlavoatable circnmstances of weather, 
or possibly in consequence of an actual small change of force in the deflector, I have 
not atft-nipted to deduce results from the observations either with deflector N, or 
with N and S combined. I have aho omitted in the moan deductions tlie resnlts 
of thi' observations with the coiij^tant wei^dit of one grain on the 1st of iMay and 
'2W\i of June, these observations being obviously afi'ected with some accidental error. 

For theTerrar's d^ectors we have only the comparisons with the constant weights 
at the Cape and Kerguelen Island from which to derive the values of for the inter- 
mediate degrees of ^. Connecting the values of vf obtained by those comparisons 
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for deflector N, with tlioee in tiie former table for the mme deflector, end prera- 
ming that the valnet eorresponding to the intermediate degrees change in a nearly 
uniform prog-rr8<;lon, we derive the followiiig Table for the degrees of i/ oboervcd' 

between the Cape and KcrniclrK Island : — 



VdnM «f deflector N, Tenor ; Cape of Good Hope 
to Keigucka Uuul. 


* = «917 

SB = -996 
99 a -900 
90 = •8»4 
SI = •887 
a»B*880 


S4s'8M 
8SS-859 
36 = 'StS 
S7s'846 
S8a>'«S7 
89 — 'Sm 



The Cape being tlie primary station, and its inWamty = 0*715* we obtain the inten- 
sities at the other stations by tbe formula 

r = "5 29 to' cosec f/. 

In the case of deflector 8, tbe values of tt/ which result from tlie comparisons with 
tbe constant weights at tbe Cape and Kerguelen Island are so nearly tbe same (733 
at the Gape, and 736 at Kerguelen Iskind), that we may take the aritbinetical mean 
•734 for all the intermediate stations witboat sendble inooim&ieiicc j whence thefor- 
mola for the calculation of the intensity becomes 

r = -388 cosec r'. 

As we have only the comparisons with the constant weights at the Cape and Kergue- 
len Island from which to derive the values of t</ for the Terror's deflectors for ull the 
intermediate degrees of t/j we might be disposed to fear that the data were scarcely 
sufficient for that parpoee; but when we examine the intmdties deduced from the 
observations with the two deflectors (both having been ased at all the intermediate 
stations except one), we perceive that their accordance is in g^eneral remarkably good, 
which would scarcely hr tlic ease unless the elements of calculation were tolci-ably 
correct. Ho close an ugrccineut iu the partial observations, la a passage made in 
tempestnona weather, is certainly very ereditable both to tbe instmment and to the 
obeerven. 

Those who interest themselves in examining? the progress which magnetic maps of 
tbe portion of the globe occupied by sea arc mnliinj' towards accuracy, will compare 
the intensities between tbe Cape of Good Hope utiU Kerguelen Island, contained in 
the subjoined Tables, with tbe isodynamic Unas drawn from Mr. Dvmlov's obserm- 
■ tions in the first Number of these Contiibndons*. The prolongation of those lines 
into the more southerly latitudes traversed by tbe Erebus and Terror would suit ex- 
tremely well with the intensities which are here given. 

« PhiloMiiiual TnuMctiaiia, ISiO. Hate V. 
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Tabu IV. 



ObsemitiQiM of the Mignetic Intenalty on Sbore aod on Board Her Majesty's Ship 
* ErdniSy with Needle F 1, between the Cape of Good Hope and Keigvelen leland. 



1840. 










is 




Ship's Ijfad- 








Lmf.R. 


Itaneafdigr' 








Londma 1-000. 


•i-on. 


April 3. 


-34 I'l 


18 26 


h m 


s. 


a / 

35 35 


72 


w. 


•717 




•984 


7. 


-35 14 


18 27 


U 40 A.M. 


s. 


35 23 


71-5 


a. by K. 


•723 




•992 


8. 


-35 48 


18 47 


10 A.M. 


s. 


35 IM 


70 


e.s.K. 


•788] 




♦999 








10 45 


s. 


35 12 


70 


w. by n. 


•7*8 


\ 


9- 


-36 4 


19 19 


10 A.M. 


s. 


35 29-3 


66-5 




•720 




•988 


10. 


-36 11 


20 42 


9 40 a.m. 


s. 


35 0-7 


66-5 


.H.K. bv s . 


•733 




1005 


11. 






10 15 a.m. 
10 40 a.m. 


& 

8. and N« 


34 364 
49 »4r4 


B&i 
66*3 








•745- 












11 Oa.m. 
11 30 a.m. 


N. 

weight 1 gnin. 


28 94*S 
14 16'S 


66*5 
71 








•744 


r 4 ^* 


I'Ulo 


11. 


-S6 36 


tl SO 


Nooa. 

0 SO KM. 


weight 1^ grain, 
weight 2 grains. 


22 10-2 
29 40 0 


71 
71 




>■ ». . 




•731 
•750^ 






19. 


-37 IS 


n 91 


10 99 AM. 


& 


33 48-8 


72-5 








•769^ 












11 A.H. 
11 40 


8. 

weight 1 gnin. 
S. 


33 21 
13 54 2 


72-5 
72-3 








•784 
•763 




1 Oo/ 


IS. 


—87 20 21 37 


2 15 H.M. 


33 53- 1 


72 








•766^ 






13. 


-38 13 


21 30 


10 40 a.m. 


S. 


:h 0-7 




w.s.w. 


•763 




1047 


14. 


-40 5 


20 38 




S. 


34 i5-5 


i'j-> 




•750 




10^9 


15. 


-40 29 


22 22 


11 30 A.M. 


s. 


3:i 5-:, 




s.r. Iiv s. 


•793 




1-087 


16. 


-41 24 


25 0 


9 .Iti A.M. 

10 10 a.m. 

10 50 A.M. 


s. 

S. and N. 
N. 


47 y.»-5 
27 32-5 


36 
o6 


s.l;. l>v !(. 


■rso 




1-071 


17. 


-41 58 


26 38 


9 20 A.M. 


S. 


32 62-7 


61-6 


S.8.E. 


•799 




1^«96 


18. 

• 


-43 7 


28 43 


10 A.M. 
10 30 a.m. 


& 

S.U4N. 


32 33-2 
47 9 


60 

60 


S.B.E. 


•810' 












10 40 A.M. 


N. 


26 48 


60 






>^ •832 










11 Oa.m, 


«( ii^lit 1 grain. 


12 M-S 


59 




•830 








11 20 a.m. 


wdght 1^ gmiii. 
weight 2 grains. 




59 




•841 












1 1 45 a.m. 


s:> :<2-:i 


r>0 




•849 






19. 


-44 lSi|31 6 


11 30 a.m. 


S. 


31 58-6 


59 


s.s.K. 


■mo 




1139 


80. 


-45 44 34 16 


11 15 a.m. 


S. 


31 11 


48-5 










t^. 


—47 00 


37 14 




S. 


30 


45 




S.E. by E. 




•h68 




1191 


2«. 


— 47 00 


;(H 4S 


6 30 A.M. 


.S. 


31 I5fi 


44 






•856 




M7S 


2.1. 


—46 46 


42 41 


9 45 A.M. 


S. 


30 34 






•908 




1-237 


24. 


-47 1 


46 10 




S. 


29 23 


45 


S.E. ^ E. 


•929 




W75 


26. 


-46 41 


SO 52 


11 20 a.m. 


s. 


29 10-7 


44 


S.R. by 8. 


•937 




1-285 


28. 


-46 28 


52 43 


Noon. 


s. 


29 6^ 


44 


W.S.W. 


•941 




1-290 


29. 


-46 29 


52 26 


1 30 P.M. 


s. 


28 36-7 


43 


».w. by w. 


•962 




1-319 


30. 


-46 18 


52 4 


11 30 a.m. 


s. 


28 20-5 




&.S.W. 


•974 




1-336 


May 1. 


-46 9t 


M 1 


10 30 a.m. 


8. 


28 tS 


45 




s. by E. ^ E- 




•970 




1*381 






It OaiM. 
11 SOajn. 


8.aiid N. 
N. 


4« 364 
81 49 
















-46 57 




Noon. 


«cigbt I gnin. 


11 13-3 






•939 1 


1*333 


% 


55 39 


10 15 A.M. 


& 


88 S3 


47 


8.E. 


•972 




z. 


-47 19 


59 10 


10 30 AM. 

10 SOaji. 


a. 

S.MidN. 


87 38>6 
48 0-3 


40 




1009 




1*384 








11 10 a.m. 


N. 


81 36 






1-068 




1*466 


4 


-47 41 


62 59 


9 40 A.M. 


s. 


26 22-5 


43 






y. 


-48 36 


69 21 


Noon. 


s. 


26 7-5 




N.K.W. 


1^08S 




1*483 


8. 


-48 36 


69 7 




s. 


25 54-7 


39 


s.w. by ». 


1-091 




1*497 


11. 


-48 30 


69 52 


9 30 A.M. 


s. 


25 49-5 




s.w. by w.^ w, 


1-095 




I'OOt 


1% 


—48 as 


68 C7 


11 30 A.M. 


s. 


26 19-2 




N. 


1-070 1 


1085 


1-488 








0 30 i>.M. 


s. 


25 45-5 




s.w. by w.^ w, 


1100 J 



* 18** ia probably an mat of tnnaeriptioD. and ahould be 19° ; the mult of IS'' 06'-5 would be 885 i that 
•r If* eS^t ii -Sil. M attend is OslUle. 
t OnittdiiitheiHaii. 
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Tabub IV. (Continued.) 



IMO. 



Time of itj. 



D«lectioD 
obterred. 




Mtty IS. Christmas Har- 
boar. 
86,-48 41|6l M 



«9. 



li 

11 A. 

Noon, 
to 

4 P.M. 
10 A.M. to 



Moorad is 
CMMawa 



s. 

S-and N. 
N. 

weight 1 groin, 
weight 1^ grahi. 
we^t S graius. 

S. 

S. 

s. 
s. 
& 
& 

8. 
8. 



86 19-7 39 

26 21-3 34-5 

40 4?-7 

20 r,-3 

10 24 1! 

14 48-6° 

20 19-6 

26 28-r 

26 21-8 

26 5-2) 
2& 

2fi 66-4 

26 19-H 41 

26 11 1; 

«6 1»9^ 



Observed 

on shore. 



«.w. 



Table V. 



Observations of the Magnetic Intensity on Shore and on Board Her Maje.sty's Ship 
Terror, with a foar-iaob Fox's Needle, between the Cape of Good Hope and 
Kerguelen Istand. 



UNO. 


PotltioB. 


Time of day. 


MtdMianplDsfed. 


Deflection 


ll' 




SUvlihMd. 




Intcnrity. 










obmred. 


P ° 
















Uat 


pi. 


















MwefaiS. 


Simon't Bay 




h ID 
7 A.M. 


N. 


38 44 -1 


e 




v.w. 




•702" 








-34 U 


18 


26 


8 A.M. 
S P.M. 


N. 
N. 
N. 
N. 
N. 
N. 


3S ;!5-H 
38 ■.]>) 
38 04-4 
38 43-7 
38 32-6 
38 46-3 






W.N.W. 

w. 

W.S.W. 
N. 

MJMb 




•705 
•704 
•718 
-702 
•706 
•702 






1ft 








9 Mjum. 
I* 9 am. 
11 9 am, 


N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
R 


38 23-5 
38 \37 
38 22-9 
38 26 0 
38 02- 1 
38 04-3 
37 40-8 
»t 43-2 

37 fis s 






II.B. 
EMA 
S. 

bjm; 

MA 
«. 

a.>.w. 

8.W. 




•710 
•713 
•710 
•709 
•718 
•718 
•7S9 
•7*8 
•720, 


>. ^712 

» 


•977 


»t. 
aa. 








Noon. 

11 MA.lf. 


K. 

R 


93 07-1 
33 16-2 








- 


•716" 






Cl. 
«8. 










8. 

S. 


as iS9-3 
32 43-8 






^Obwrved 




. •715 


. -716 


•981 


SI. 










weight •& grain. 


21 46-1 






on shore. * 




. 715 


M. 










weight •.I grain. 


21 47-9 














SI. 










weight -3 grain. 


is SB'S 










•715, 






ss. 










we^t '3 grain. 


12 564 
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PoMtion. 



Lu. Long. S 



Time of day. 



DelwlieD 



liuefuifiv. 



LoBdan « I'OOV. -1372 



-a6 5£ 

-S7 16 



so 04 
18 25 
17 24 
S7 Ml 16 a$ 



10. 

11 
1« 

15. -38 47 
14 -W 58 

16. _4i 45 
l6j-4» 40 

17. |-4t Ji6 
18J-44 S8 



19 
20. 

S3 

24 

25 



4() 0 
-46 41 

-46 45 

-47 0 

-47 50 



17 00 

17 2() 
19 20 
02 

23 12 

24 55 

29 0 
40 Oo 
43 48 
45 20 



3 60 P.M 
9 20A.M 
6 15 p.M 
11 40 a.m. 
9 10 a.m. 

9 05 A.M. 

3 50 P.M. 

■i i5 P.M. 

9 30 a.m. 

9 20A.M 

1 l.M. 

3 30 A.M. 
9 40 a.m. 
9 30 a.m. 

2 40 P.M. 



July S.' 
4. 
3. 
4. 
3. 
4. 
8. 
4. 



riiristmaa Har- 
bour, Kergue- 
lea Uand. 



-48 41 



-48 41 



68 54 



68 54 



0 A.M 

2 p.M 

A.M 
P.M 
A.M 
P.M. 
A.M 
P.M 

Noon. 

1 0 l.M. 

1 30 P.M. 

2 0 PM 



a 

N. 

a 
a 

N. 

a 

N. 
S. 
N. 
S. 
N. 
S. 
N. 
S. 
N. 
S. 
N. 
S. 
N. 
N. 
S. 
N. 
S. 
N. 
S. 
N. 
8. 
N. 
N. 
S. 
S. 

weight -6 gnin. 
weight '5 gnin. 
weight '3 grain, 
weight '3 groin. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

NL 



70 
70 

66 
66 
66 
66 
72 

70 
70 
62 
62 
68 
6h 
56 
56 
61 
61 



aSr 81-7 

55 %0'2 

37 53- 1 
32 21-1 

;?K 6 

37 56-7 

32 31-6 
37 20-2 
31 59-9 
36 47-8 

31 07-4 
36 49-4 
30 09-7 
35 37-7 

30 11 

;>.> 31-7 

-".) I.v3 

.34 JH-5 Co 

28 ad- 4 60 

33 48-0 59 
33 56- 0 48 
28 13-1 48 

32 13-1 

26 52-8 

31 28-7 

25 a4-7 
30 37-7 
24 62-1 

27 03- 1 

26 41 
21 31-3 
21 14-0 
14 18-5 
14 IS-7 

8 29-7 

8 29-5 
«6 87 
26 4I'4 
26 26-2 
26 29-8 

at 64-7 

56 SS-l 



26 40-3 as 



26 40-8 



44 
44 

45 
45 
44 
44 

36 
36 
36 
36 
36 
36 
36 
36 
38 
38 
3K 
38 
38 
.38 



8. by K. / 
w. I w. 

S.W. 



s.e. by E. 



r 



*■ S.P.. 4 B. 



38 



s. 

S.S.E. 

s.K. by e. < 



Observed 
*■ on «hon>.'" 



V. 

K.E. 

E. 
S.E. 

.s. 
.s.w. 
w. 

N.W. 



•730 
•733 
-799 

•726 

■^'^ ^ 

•720 
•722 
•735 
•733 
•748 
•752 J 
•747 
•773 
•776 
•773 ' 
•782 i 
•795 / 
■HU7 i 

•S03 J 
•82s 
•821 ■[ 
•822 
•873 
•859 
•896 
•905 
•984 . 
•9M 

1-0675 



•731 
•7«4 

•722 
•721 
■734 
•750 
•760 
-775 

•H05 

-822 
•866 
•901 
•9t4 



• •0675 
P070 

1-088 

1 079 1 
1076 
1-087 
1-U84 
1111 
1^083 
1077 
1-076 



^ 1^0675 



>. 1^084 



1-003 

•994 

•991 

•990 

I 007 

P028 

1>044 

1063 

1-081 

1-104 
1-136 
1-127 

1-189 

1-236 

1-268 



1-465 
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Abstract of the Intensities observed in Her Miyesty's Ships Erebus and Terror 
between the Gape of Good Hope and Kergnden Island. 







In which Ahip 


iiitfii- 








obterved. 


■it;. 






LDm.a. 






• t 
—84 11 


• *^ 

18 86 


EmIhia Aiftd Till ijij 






— S7 44 


16 86 








-as 14 


18 «7 








— W M 


14 lit 


Enelnu. 


0^88 




— S7 16 


17 94 








-S6 16 


88 04 








-46 M 


18 85 








-«6 11 


88 48 


KawliiiB. 






— sa 4a 


AD V/ 


Enhu. 


0-999 




— M 47 


17 00 




i*An? 




—36 35 


21 20 




J V J 




— 38 5H 


17 26 




J V* r> 




— 40 05 


20 38 




1 aft k>0 




-40 45 


19 'io 




1 'til 1 




— 38 13 


21 ;io 




1 v** / 




—48 40 


22 02 


Terror* 


J tWu 




-41 24 


25 0 




l»fl71 




-42 56 


23 12 








—40 29 


22 22 




I*na7 




-41 58 


26 3H 




1*AC^ 




-44 28 


24 55 


1 mror* « 


I 1 




-46 41 


i'j 0 


Terror* 


1 • 1 




-46 0 


1^0 12 


Terror* 


1 Jov 




-44 19 


31 06 








—43 07 


28 43 


I'l rebus* 


1*1 ^9 




-47 00 


38 48 




1*1 711 

J 1 / V 




— 45 44 


34 16 


Elrcbus* 


1*1 70 




-46 46 


40 05 


Terror* 


1*1 AO 




-47 00 


37 14 


Erebus. 


M91 




— 47 0 


43 48 


Terror. 






-46 46 


42 41 


brebos. 


l'£37 




— 47 .10 


45 20 


Terror* 


1 »0o 




-47 01 


46 10 


I* n*nii<a 


1 X4 0 




-46 41 


50 52 


Erebui, 


1-285 




—46 28 


52 43 


Erebus. 


l-OSO 




—46 29 


52 26 
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IIL Beteanhet in Ph^neai Geokg3f.—Tkird SeHet. By W. Hokins, Esq., M.A., 
FJLS^ FbUmo the Rojfol AOrommeal Sociehf, of the Owbgieal Soeiefy^ and 
the CamtrU^ PhilonfMeal Society. 

RcOMitd NimiilMc ». 1841.— Rewl immj M. 1M9. 

On the TftfcAmtf and Om^tnltiein ^the Earth** Cnut, 

1. ThB fMult al which I arrived ia my preceding memoir, respecting the pieces- 
nonal motioD of the pol^ on the hypothesis of the earth*s interior fluidity, is the 
CoUovingt 

p.-P.=(.-^)(.--V:)P„ (.:, 

where Pj tlenotes the precession of a solid homogeneous sphci-oid of which the eliip- 
ticity = fi, that of the earth's exterior surface, and P the precession of the earth, sup> 
posing it to consist of an interior heterogeneous fluid, contauied ha a heterogeneons 
spheroidal sbdl, of winch the interior and eocterior eOipticities are respectivdy • and 
s,, the transition being immediate from tlie entire solidity of tlie aliell to the perfect 
fluidity of the interior mass. 

2. In the application of this restilt to the actual case of the earth, we must observe, 
in the first place, that, supposing the interior inusti tu be tluid, its fluidity cannot be 
quite ptrfectf as exphdned in the introdactory ohoervatiims to my first memoir. 
Conseqnenlly the assumption, made m our investigations, of tlie absence of all tan- 
gential action between the shell and fluid will not be accurately true. Moreover, it 
would seem extremely probable that the transition from the solidity of the shell to 
the fluidity of the interior mass, instead of being immediate, must he gradual. If, 
however, tlie thickness of the shdl be not considerabie wkh referenee to the eardi*s 
radios, the fluidity of tbe portion not remote from the centre win be nearly perfect, 
and the whole of the interior mass, with the exception of that part near the actual 
solid portion, may, as a near approximation, be considered as perfectly fluid with re- 
ference to any mechanical action upon it. Again, supposing tbe change ii oiu the 
soltttity of tiie exterior to the fluidity of the interior mass to l>e continuous, let us 
cODOdve a snrfeoe passing through all the lowest points of that portion of tbe mass 
which may be ngarded as perfectly solid, and another surface through all the highest 
points of that portion which may be regarded as perfectly fluid. The first of these 
surfaces will be one of equal solidity and the second one of equal fluidity ; tlie fluidity 
of the mass contained between them being imperfect. Now if we were to cuuijider 

oa 
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the frhole of tint imperfectly fluid mass as entirely solid, we should manifesUy take 
the thickneas of the shell too large to represeDt the actual phenomeoa dependfaig on 

that thickness; and if, on the contrary, we should consider the whole of the imper- 
fectly fluid portion as perfectly fluid, we should take the thickness of the shell too 
small. Heuce there must be some surface of equal fluidity (or, if we ple*)se to 
term it, of equal solidity) Interoiediate to the above surfaces, such that if tlie whole 
mass superior to it were entirely solid, and that inferior to it entirely fluid, the phe> 
nomcna of precession and nutation would be the same as in the actual case of a 
gradual transition from the solidity of the !su|)(.Tior to tlio fluidity of the inferior por- 
tions of the mass. When, therefore, we speak of tlie interior surface of the solid 
shell with reference to our previous investigations as applicable to the case of the 
earth, it is Ais intermediate, or ejfective ntrfaee, which is always to be onderstood ; 
and the thickness of the earth's crust, as defined >y this snrfoce, I shall term its ef 
ftctlvc fhlcJiucss. 

. 3. In order that the value of F may agree with that determined by observation, 
we must have approximately 

and, therefbre, referring to the equation <^ Article 1, we must have 

(2) 



(.-i)(.--^)=i 



An approximate value of ^ j will be obtained by nudcing g constant in the expres- 
sion given for U iu Article 5, Mem. II. We then have 

' _*_ Sa( 

-1 



which gives 



(•-^)0-'-^)=^ 



5* 

It has heea stated (Art. 2. Mem. II.), that if >? be ever negative, it can only be so 
when a = flj very nearly. But in this case - 1 is extremely small, and therefore 
the value of the second fiictor on the left-hand side of the above equation will be very 
nearij = unity. In all other cases it will be less than nnity. Let it a i . ^ , then 

'"•i"8'l-|»' 

and 



8 1 - p 

If, as an approximation, we omit j3 (which will necessarily be considerably smaller 
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than unity for such values of ^' as we shall be eoncflfnecl wilb), ve have 

which gives too groat a yalne of «. Now, that we may be able to satisfy eqaation 
(2.), • roust be less than L e. it mast diminish as the thickness of tlM earth's cnist 
irtci-east's ; nnd, therefore, the thick rH'<s which corresponds to this approximate vahie 
of f will be too small; or the actual thickness of the solid crust of the glohe which 
would give the precession P, must necessarily be greater than that for which the 

value of I is ^ ig. 

4. We must now proceed to determine the relation between the valoe of ^ and 

that of tti — 0, the thickness of the solid crust 

If we assume (as I shall now do) that the fusibility of the matter composing the 
earth is equal at equal <)('pths*, it would spein tliat the only conceivable causes which 
can affect the degree of solidity or fluidity of the mass, are temperature and pressure. 
It may be doubted by some persons whether solidification be actually promoted by 
the latter cause or not ; but there will be no corresponding vncertainty in our con- 
clusions respecting the minimum tbidtness of the earth's crust consistent with the 
observed amount of precession; heeansc, if they be true, this cause being efiective, 
they will easily be seen to be so, a fortiori, if it produce no effect. 

If temperature produced no effect in solidification, the surfaces of equal solidity 
(or flai<Uty) would be snrihoes of equal pressure, and therefore of equal density ; and 
if pKSsare did not promote solidification, the surfaces of equal solidity would be iso- 
thermal surfaces. Assntnin:; both causes to be effective, conceive two surfaces of 
equal density and temperature respectively, passing through the snttif point (in the 
axis of the spheroid, for instance) ; then will the surface of equal sulidiiy through the 
same point be intermediate to the two former, the dlipticities of which will diereibre 
be UaniB to that of the snrface itf equal solidity. It is these limits which we must 
now proceed to determine. 

The greatest difficnlty in the determination of the teinpcrature at any point of a 
body cooling by conduction, is that which arises from satisfying the conditions at the 
suT&ce in cadk particnlar ease, lys has been elheted only in the sphere, the dreu- 
lar cylinder, and a few other simple cases, but not inclndiug that of the spheroid, the 
UoOwrmtti wafosti of which, eonseqoently, have never been completdy determined-^. 



* TUl nqr •dmil «f local neeptioot, rach u probably exist, without any wndblo aodilicatMmB in our 
general oon^QBioM. 

t An ingenioiu memoir on thi* subject by M. Lajib is conbuned in the fifth volume of the ' M^moires dea 
Savaas Etnagers,' in iriiidi he haa examiited the oooditioas under which the isothermal surfaces within an 

■IKjuM —til \m. JKi^m^iAm^ ^kmm 8> 1— wwAmmA -» « p.i^.non» M f»i«jw.iH.»iiih. He haS slsO msdt th* 

I for the temperatnn at any time to depend on the intcgntion of certain diffureotial eqoa- 
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Tba ifiproximate solution which I am aboat to offer is founded on the foUowhig 
assumption. Let be the distancf of any point on the surface of the spheroid from 
the centre, and the polar or least di&taace ; it is assumed that the temperature in 
the spheroid at a depth = r' — is the same as il wooM have been at that depth if 
the spheroid bad been a sphere «ith ladiiis = r'. If the el%ticity he sma11» and 
the process of cooling has been continued a sufficient length of timeb this assumption 
will manifestly be almost accurately tnif The solution of the problem is thus made 
to depend on formulce which have been given by Poisson in his Tkiorie de la ChaUur, 
To this I now proceed. 

kj. Determinatimi uf the Forms of Isothermal Surfaces n lffihi the Earth. 

5. Adopting Poisson's notation*, let u denote, at any time the temperature of 
any point of the earth, and let 

« = tti + 

where ttj is such as to satisfy the general differential equation for the propa^^ation of 
heat hy oondootun, the conditions rehttive to tiie original tempeiatnre^ and that 
which would exist at the surface at any time if the earth were a sphere whose radius 
= a,. Then when t becomes very great, as it is assumed to be \n the case of the 
earth, taking the common expression for the temperature in a sphere of large radius, 
as a snffident approximation to that of the actual ease of the earth, we have 

«i = C^(sm-r-j^cos— V , 

where C is the value of u^ at the centrcf*. At the surface the first term vanishes, 
and the value of Is reduced to tlie .second term, wiucb, however, IS SO smsil that it 
may here be altogether neglected. Consequently 

•i|=C^Bin-«« *r . 

Let dmote the value of « at any point for which r = a^, ^ being a function of t 
and of #, tlie angle which r makes with the axis of revolution of die spheroid ; or 
dnce (< being very large) u, = 0, approximately when r = Oi, ^ may be taken as the 
value of «' for that value of r. It remains to find a value of which shall satisfy 
the frciicral differential equation, and the particular condition u' = ^ when r = a^X' 

Let 

rV-«U, + U, + .... + U, + 

Uft.. . . . . . . being a series of Lavugs's coefficients, and functions of the polar 

coordinates of the proposed pomt. Also let 

5«(?i + Z| + .... + ^ + ....)f-", 
tioncif owiiidc|niidmti«iiUUe.iaid«rte Tlweoiii|ilieBtad6imortii«ncqaailiaM,bomver. 

^vould E^-cm to render thpm at jiresent of lUtic crail in the :<ulutiuii of the pCoUCM conhukrrd in the text. 
• Thdorie dc la Clmlcur. Art. 173. f Ibid. Art. 171. : Ibid. Art. 173. 
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a soies likcnrite of L*vuci*« codBcients, independent of r. Then duJl we have* 

where R, = M, r"+>y^' cos (^-^cos*) 8m*" + >».<i«, being an arbitrary con- 
stant Henoe if we denote tlie value of the definite integral by N,, we shall have 

rf = {MoNoZo + .... + M„N,r"^ + ....}s-"'. 

When r = a„ u' mast = ^ ; and therefore if the oorrespooding ndae of be de- 
noted by (NJ, we shall have 

Mo (No) Z„ + ....+ M X J o " J Z. + .... = Z, + .... + Z. + ... , 
which gives for the deteriiiinadon of M,, 

wtienoe 

According to oar asemnptioiH for the value of ( (Art. 4.)j ve moat have ( equal to 
the tenipei-ature (u,) in a sphere whose mdius ^ r*, at a distaneer' — ^ from its 
snrfiu». Tiierefore'f- 

. . 1 

or omitting 

C bdng the temperatoie at the centre. Or since 

/ = (1 +i,coe^i), 

^ = C li C08^ 0 i «,« , 

omitting sinuller terms. 

It is here supposed that the temperatare of the surikce of the earth is constant and 
eqinl to aero. Ifwelakeintoaoooanttbe variation of external temperatare in pass- 
ing from the pole to the equator, we have only to eonnder fi as the eUipticity of that 
BUrfkoe of equal temperature which touches the earth's surface at the equator, the 
temperature there being also assumed as sero. Then <| will be rather greater than 
the ellipticity of the earth. 

Putting the expression for ^ under the form of Lapiacb's coeAcients, we have 

« = c h { T + («»'*- i) } •■*^'. 

= {^' + C.,(c«.*-^)}.-^', 

* Th^rie de I« Chaleur, Art. 173. f Ifakl. Art. 171. 



uiyiiizcQ by QjO 



48 MR. H0FKI1I8*8 BBSBABCBB8 IN PHTSIGAL QIOLOOT. 

which gives = 0, except for n = 0, or n = 2 ; and 



Hence 



It remaiiu to dctermiDe (N^), N^, and (N2). We have 

^J^'cm w coiJj sin*""*" * • rf* ; 

or patting ewmssjt, 

atiU p«rforniing the integrutiooii fur /i = 0 audit = 2, we obtain 

N2 a. . r 

and putting r » «|, we have 



(N,) = 



4s 



Hciu» 



N„ 1 a, . r 



and by substituiiun, we have the complete value uf u' ; and for that uf m we have 
or putting 



—IT- = "» 



we have for the equation to the isothcrniul iiiiilucx, of which the teiiipcraturc is u at 
the time /, 

« a, . r , «, / No N» \ , r« ... 
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Suppose 

=«.(•-?). 

where ^ is somll compared with anity. Then we have appraximately 

and therefore 

We may here omit (^) and the products of ^ and t^, except in the last term, in 

wbitdi we nay guhstitute for ^ iti appraumate value, 6. We have thiu (pattiiig 
«! ~ r for «)y 

whence 

^-(•-0)|.+ hr^i> 

and 

r= (I ^G)«| [l + {l + (l - g]h^^]' 

the aproadnate equation to the leothermal nirfoce. 
Hence it appears that the elllpticitics of the Motherainl aorfhcei wiUiin die earth 

X 1 

are gnater than that of the rarfooe. Thai if G = — := y^, we have 

elHpticity = (I + 07) fi ntarly. 

It will also be observed that it increuse^ with G, L c. with the depth. A lurther ap- 
prorimation givea a somewhat slower rate of increase, bvt the Ipfereooe from the 
above formaia is saliicieat for our parpooe. 

^. EUipticity of antf Surface of eijunl denslttf toithin the Earth. 

6. If we assume the density of the earth (f) at any distance (a) from its centre to 
besadithat 
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(A being constant), and take 4^ « = 150°, we obtain a value of i, (the eniiiticit7 Vt 
the surface) which coincides very nearly with its observed value, ,i< shown in the 
eoimnon treatises on the figure of the earth. This expression for g also gives us the 
ratio of the mean to the superficial density equal to 3*4225*, which agrees very nearly 
with the value determined bjr Cavendish. It tber^m appeara cstremdy probable 
that this formsla represents very approiiniately tbe actual law of tbe earth's densi^. 
The above expression for g gives us 

< tan era, — va, (/a 

3 

If we here sabstitute the above value of 9* a}, and put a = 0^ we obtain a value 

of c which nearly satisfies equation (;?.) (Art. 1.). 

If we take y'f, — IGO" we obtain the mean density more tlian three times the su- 
perficial density, auci a value of not so neitrly coinciding with the observed value as 
in tbe former case. In this ease tbe formate probably gives us a density increasing 
too n^iidly with tbe depth, and tbereforo also a too rapid decrease of dlipticity in the 
sarfiu«s of equal density. To ebtain a value of c, which will satisfy equation (3.), we 

must put a equal to about y e|. 

^. Thickness of the Earth's Crust. 

7. If the surfaces of equal solidity werp roincidcnt witli tho«e of equal density,and 
we adopted the first value of g' a, mentioned in the preceding article, we should 

obtain the effective thickness of the crust (ss Oj — a) s ^ ss 1000 miles : or if we 

adopt the other \ aliie of y'a, as less favourable to a great thickness of the cni<5t, we 
shall have that thickness = SOO miles. But the surface of equal solidity through 
any point roust be Intermediatu between those of equal density or pressure, and of 
equal temperatura through tbe same point ; and we have seen (Art. 6.) that the 
elliptidty of the latter increases with the distance from the external surfoce. Conse^ 
qoMidf the ellipticif y of every surfoce of equal solidity must be greater than that of 
the corresponding surface of equal density, and, therefore, the effective thickness of 
the crust must be greater than that above determined, in order that it may be con- 
sistent with the observed amount of precession. 

The thickness of tbe actually solid portion of tbe earth's crust will necessarily be 
less than what I have termed the effective thidcness, but there cannot, I conceive, be 
any reasonable doidjt that the difference between these quantities is small compared 
with either; for if rj be the highest temperature at whirh any substance retains the 
property of solidity, uud the loweiit at wliicii it acquires that of fluidity, — T^ is 

* AlBv'ilVKti^p. ITS. 
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always found to be small compared with tii and by analogy we conclade that such 
must be ttie case also with respect to the matter composing the earth, and under the 
pressure to which it is subjected at great depths. We may also remark, that the po- 
riticm of a sur&ce of eqaal solidity or fluidity must necessarily so far incline to the 
eorresponding mirfiMe of equal tempemtnra as to di^ inateriaUy from that of equal 
density, so that the real effective thickness of the crust is probably cotisiderably 
greater than its inft-iior limit as above dcterminetl. Upon the whole, therefore, we 
may venture to assert that the minimum thickness of the rnist of the globe which can 
be ileeiued cousibtent with the observed uuiuuut of precession, cannot be less tbao 
oae-fiMirth or one-fifth of the earth's radius. 

^. Cotistitution of the Eartli's Cnisf. 
8. The results at which we liave arrived respect ini; the thickness of the solid crust 
of the globe, have an iiupurtant bearing on our pliysical theories of volcanic forces, 
and the mode in whicii they act, whether we consider the subject with reference to 
eusUn^ volcanos, or to that more geoerai volcanic action to which we refer all the 
geological phenomena of elevation. Many speculations respecting actual volcanos 
have rested on the hypothesi'i of a direct communication, by mejins of the volcanic 
vent, between the surface and the fluid nucleus beoealU, assuming the fluidity to 
commence at a depth little, if at all, greater than tiiat at which the temperature may 
be fairiy presumed to be such as would suffice, under merely the atmospheric press- 
ure, to fuse the matter of the earth's crust*. When it is proved, however, that that 
crust must be several hundred miles in thitknes*;, the hypothesis of this direct com- 
munication is placed, as T coticcivc, much too fur beyond tiie bounds of all rational 
probability to be for uu iii»tunt itdiniued as the basis of theoretical speculations. We 
are necessarily led, therefore, to the condusimi that the fluid matter of actual vol- 
oance exists in subterranean reservoirs of limited extent, forming subterranean lake$, 
and not a subterranean nrcan. Such also we conclude from the present thickness of 
the c:irth'« crust, must have been the case for cnor(nous [)eriods of time ; and, conse- 
queiuly, ttiat there is a very high d^ree of probability that the same was true at the 
epochs of all the great elevations which we recognize, with the exception, perhaps, of 
the earliest. If, moreover, we find that the hypothesis of the existence of these sub- 
terranean bkes at no great depth beneath the surface, does enable us to account 
distinctly, by accurate investigations founded on mechanical principles, for the [)hcno- 
mena of elevation and the laws which they follow, then have we all the proof of the 
truth of our bypothens which the natnre of the case will admit of. These investiga- 
tions I have given in my memoir on Physical Geology, published in the sixth volume 
of the Tcansactions of the Cambridge Philosophical Society. The fundamental 

* Some of the most ingcnioue and >li tcrmiaate spwiiilatiiolu of tlu8 kind are contiined in a paper bjrPMewor 
Bi^cuoFP, in the Edinburgh New Pkilotophical Joumnl for iS38-39. His newt napceting the inuncdiate 
agency by which volcamc action i» produced will be equally appUcable, whether the Kierfoir of volcuie aatter 
beaHtt be flfliiuted extoit, w tbe cenbil wxkw itaetf. 

m2 
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hypothesis of these investigntions is thus found to be in perfect harmony with the 
results of the remoter researches cunCuineU ia tUh and ray two preceding memoirs. 

9. A question here ariaes «8 to the origin and continued eiistence of tttese innilated 
fluid manes enveloped In the solid portions of tlie eortli. It would seem probable, I 

think, that their origin may be aseril)ed to the greater fusibility of the nutter com- 
posing^ them ; and their continuance in a state of fluidity may, I conceive, be ac- 
counted for partly by the same cause, and partly by another which I will prw^d to 
explain. 

Li^ us concdve an internal lake to have been formed as above suppooed, or in any 
otlier manner, at n temperature which would just admit of the containing rock be- 
coming solid, n-liile it ."^iifTiced to preserve the fluid mass in a state of fusion. Let us 
tlH'u suppose an elev-itoty force, produced hv tlie expansion of the fluid matter*, to 
raise the superincumbent solid mass, and to form in it a system of hssures. The 
idane oi these fissures will scarcely ever be exactly parallel, and therefore will meet 
if soffidently produced. Let the annexed diagram represent a transverse section of 




(1) 



the system the instant after their formation, and befoie any reUtive displacement by 
fiirther elevation, of the portions of the gmieral mass contained between contiguous 
fissures, and forming so many complete or truncated wedges. The formation of these 
fissures will be completed at nearly the same instant of titne-f-. Conceive the mass 
to be then still further t!j)lifted. If every portion were raised equally, the width of 
the fissures would be increased, but »<ucii will not be tiie case. For tlie couiplt-te 
wedges, not reaching down to the fluid mass, will not be immediately acted upon by 
it at all, and the troncated wedges, whose narrower mdes are downwards, will be acted 
on hy tlie fluid prcfsure with less foire in proportion to their niasiies, than those of 
which the broader sides are downwards. These latter portions, tlierefore, will be 
more elevated than the others, and the whole will ussuuic u position like that repre- 
sented in the following diagram. When the wedges have assumed these positions, it 



(«.) 



* Wluitever difficulty there majr be ia foDy ezplumaf iIm ctniM of suieh cxpuiiEion, thov eu be no doubt 
of tbc existence of nch CMUcs in Aggregations of matter in K ttate of fusion as here suppoticd. 'llic intensity 
with whkh they may act is attested by actual viAeaao§, aa veil as by the unites which mi»t have beta 
ejected at former epoclia, in a itate of fwnoD. 

t Sm mcoMir «a Fhjiieal Oealflgy, abm rdemd to. 
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will be impossible Sar the mass to subside, when the elevatory force >i\m\] cease, into 
that position which it originally occupied. It will be formed into an arch capable 
(if its abutments be sufficiently strong) of entirely or partially supporting itself. Con- 
iiequently, if the cause producing the intumescence of the fluid mass cease to act, 
and that mass icftdm nearly to its original dimradons, the pressure of tb« superin- 
cambent wUd maM may, in the nranner now described, i)e entirely or partially re- 
moved from the fluid. Hence, assuming that solidification is promoted by great 
pressure, it cvidrntly appears how a portion of the interior mass might maintained 
in a state of fluidity by the removal of a superincuiubent pressure, which would other- 
wise have brought it to a state of solidity. 

It is not here essential to siqiiMwe that the arch shall entirdy suppOTt itself. It 
maybe partly supported by the fluid beneath, or it may break down in certain pointy 
or along ccitain lines, and form there new supports, intermediate to the extreme ones. 
Instead of one continuous internal lake, a number may thus be formed, connected 
with each other by more or less obetracted channds of commmication, as I have 
supposed in the exposition of my theoretical iraews on the Elevation of the Wealden 
IMstrict, recently l^d before the Geological Society. It is the existence of subtcri-a- 
nean lakes under this form, which best enables ns, as I conceive to aecoont for the 
observed phenomena of elevation. 

10. The above view of the relative displacements of the different portions of an 
Qplifked and dNmpted solid mass, as resulting frmn its geological elevation, is strongly 
confirmed by its enabling as to account so completely for the law, first recognized by 
Mr. Phillips, and wliich I have myself verified in numerous instances, in the relative 
displacement of the beds on opposite sides of u fault. In diagram (2.) wc observe 
that the Vine/' ^ is relatively depressed below e/ with which it was originally con- 
tinuous; Lt, the beds are iowett on that dde of the fenlt tomardt which the plsiie of 
the &ult inclines fnm the vertical in ibMen^Mig. This predwly accords with the 
law above alluded to. It will be observed to hold at each of the faults represented 
in the diagmni, and probably admits of fewer exceptions than almost any other law 
observable in the plienomeoa of elevation. 

Ptrmanaut In ikt hcBaatUm i^the EartVs jixU, 

11. To the condttsioas above deduced from the Investigations of my two preceding 

memoirs, I may add that of the permanence in the mean inclination of the earth^s 
axis to the plane of the ecliptic. This permanence has been frccjiicntly insisted on, 
and is highly important with reference to our speculations on the causes of those 
changes of snperficial temperatore which oertain geological plienoroena seeiu so un- 
equvocally to indicate. The proof, however, which has hitherto been given of this 
constancy of inclination has rested on the hypothesis of the entire solidity of the globe, 
an assumption which, whatever may be the actnal sfntf of our planet, can never be 
admitted as necessarily applicable to it at all past epochs of time, at which organic 
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forms may have existed on its suriace. My previous investigations have now deraon- 
Btmted tlie troth of this codelunoii as ap|dioable to the earth fiom the Ant fornmticni 
of its external solid shell. All soch hypotheses, therefore, as have sometimes been 
made with respect to a change in the position of theearth*s axis are entirely excluded, 
whether we suppose the interior of the earth to be now, or to have been heretofore, 
solid or fluid. A fact also, in itself not uninteresting, is thus established in the ear- 
liest history of our globe. 

Nor would it have been possible, I eoneeive, to arrive at tlus result by aay general 
oonnderations immediately (k rlvable from the nature of our problem, and indqiendent 
of its ooniplete solution. Tlio investigations contained in my two preceding: memoirs 
were, in fact, commenced under tlie impression that the solution of this problem of 
the precession and nutation of the earth s axis on the hypothesis uf the interior lluidity 
ct the earth, would probably lead to results diflfere&t from those whieh had been long 
before obtained on the sapposillon of the earth*s entire solidity. This impressionwas 
founded on the consideration of the great difference between the dirert action of a 
force on a solid, and that on a fluid mass, in its tendency to produee rotatory mo- 
tion. We have seen, in fact, that the disturbing forces of the sun and moon do not 
tend to produce directly any moUon in the interior fluid, in which the rotatoiy motion 
causing precession and natation, is produced indirect^ by the efiect of tbe above 
forces on the position of the solid shell. A modification is thus produced in the effects 
of the centrifugal force, which f ri'^ appears from the results of our investij^ations) 
compensates for the want of any direct effect from the action of the disturbing forces, 
litis compensation will scarcely, perhaps, be deemed less cuiknis than many of those 
which have been reeogniied in the solar system, and by which, amidst apparently con- 
flicting causes^ its harmony and permanency are so beautifully preserved. 

^. Condition respecting the T emperature of Fii.s'mn fur the matter mmposhig the. Earthf 
in order that its actual Temperature may be due to its original Heat. 

12. There is also another conclusion to be drawn from oar investigations which it 
may be worth while to notice. It has been assumed in these memoirs that pressure 

is effective in producing sdidificatlon ; it has been already remarked, however, that 
should that not f'p the ense, our cnnclnsinns respectini^ tlie tliickness of the earth's 
crust will still, // Jorliori, be true. Our dt^ttTiniiiatioii, therefore, of the ica'-t limit to 
that thickucss is independent of this unknown ctfect of preiwiure, or, in other words, of 
the experimental determination of the temperatures of fusion for different substances 
under lugh pressures. With the wd of a proper series of experiments on this point, a 
direct method of arriving^ at an approximation to the thickness of the crust of the 
globe, or rather, to its least limit, might be easily explained. I sliall not here, how- 
ever, enter into any discussion on this subject. The conclusion tu which 1 would 
now direct attention is this — tbe present tempeiature of the interior of tbe earth canr. 
not be due to its original hea^ if tbe temperature of funon for the matter composing 
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it be independent of the pressure to which the fused matter is subjected. For if the 
trrrcstrial temperature be due to tfiat source, it must undoubtedly be sufficient at the 
<iepth of one-fortieth or one-lifttcth of the earth'i» radius, to fuse all the rocks coiu- 
posiug the superficial solid portion oS the globe placed under the atinospheric prep- 
are. Cooeeqaeotly matter nmst exist at such depths in a state of fusion, and the 
cmst of the earth must be extremely thin, unless its solidification has been promoted 
by presfurc. I have !>:hown, however, that the rrust of the globe cannot be very thin, 
and therefore the truth of our proposition is manifest. 

There is also another mode, independent of our results respecting precession, by 
which we arrive at the same conclusion. Makin{[^ the assumption jnit elated respect* 
ing the origin of the actual terrestrial heat, there is no doubt of its l>eing immensely 
greater at the earth's centre than that which would be necessarj' to reduec the matter 
composing the earth's surface, under the atmosphenc presfiure, to a state of fusion. 
It would probably reduce a large portion of it to a state of vapour. Now this actual 
central temperature must necenarily be at least something less than that which ex- 
isted at the time of the earth's inoiiHeiit soUdifeatioD, whether the lolidification eom- 
menced at the centre or surfiu^e (Mem. L). If it began at the centre It must have 
been owing to the predominance of pressure in promoting' solidification over high 
temperature in opposing it, and the truth of our proposition is therefore involved in 
this hypotbeais. Again, suppose the solidificatloD to have commenced at the earlhce. 
In this case it has been shown (Mem. I.) that the whole mass would arrive at that 
state in which the fluidity would juKt become imperfect, at nearly tlie same time. 
The superfictri! temperature would then be just that of perfect fusion under the at- 
mospheric pressure for the matter constituting the earth's surface, which, as just stated, 
most be small compared with the actual central temperature, and, a fortiori, small 
compared with the central temperature at the epoch referred to. Consequently, at 
that epodi, the central and superfidal parts of the earth, under widely different 
temperatures, would have the same degree of fluiriitv, viz. tliat at which it just be- 
came imperfff t, or that at whicli the component particles would cease to move among 
themselves m the process of cooling. If then r, denote the temperature of perfect 
/udon for a point of Che earth's mass at any depth beneath its lacfiMW (or the tempe- 
rature at which the mass woald there acquire perfect fluidity), r| must be some func- 
tion of the pressure at the proposed point. Also let denote the temperature of 
incipient fision at the same point (or that at which the matter then under the same 
pressure would just lose its property of solidity), then the question is, wtiether be 
a flmction of Vi or not. Now that there riiould be some necessaiy ralatloii between 
r, and would scaredy seem to admit the possibility of a doubt. But in such case 
r,, being a function of r,, must depend on the pressure. lience it follows, as before, 
that the temperature of fusion of the earth's mass must depend on the pressure to 
which it is subjected, assuming always that the fusibility of the matter composing 
the central portion of the globe is not extremely different from that which constitutes 
its inrflwe. 
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IV. On the Sineltif mid Uw ^(Ae Ma^kimBodia if the KiA^, with OAwnw. 
i&M <M ike GreuUaieH through that Okmd, By W. Bowman, FMJS^ Jmdmd 
Smgeam to He Xhig** Cotk^ HotpUi^ and Demotutratet ^ Aeakmf m Kk^e 
Qdbge, London. 

]||«o«itrad FrimiMy 14.^B«m1 PAriNif If. IM, 

These remarkable bodies have been an object of much interest since their disro- 
verj' by the g^reat anatomist whose name they bear. Malpighi found they coiii(i be 
injected witii great facility from the arteries, and he imagined them to be glands, in 
which the arine is elaborated from the blood. He seems aTso to have been of opfaiioo 
•that in them the uriniferons tubes take their rise*. Ruysch examined them with 
great rare, and preserved speriiiiens in liis muscnni in which he believed that be had 
shown, by injection, that in them the arteries are continnoiis with the tuhes-f-. 
This was the principal ground for the famous, but now exploded theory, of tlie ex- 
istence of exbalant arteries with open mouths, whidi in the secreting glands opened 
directly into the excretory canals. It is probable that this aoeurate obscurer mistook 
the efferent vessel of the Malpigbian body for a uriniferons tube, for the effei-ent 
vessels of those Malpighian bodies that lie near the medullary part of the kidney, take 
the same course as the tubes, and are often large enough to be readily miiitaken for 
them. The statement, however, of Rmrscn and others^, that the tabes may be in- 
jected from the arteries, li troe, thougfh in a dilferent.sense from that in which they 
understood it. 

S< HUMLANSKY^, somc vpars afterwards, entertained more complete views of the 
connection between these bodies and the uriniferous tubes, and he has even given an 
ideal diagram of this connection, which shows that be had a very clear conception of 
the fiict. From a considerable errw, however, in the proportion of these bodies to 
the tubes (represented in bis i^re), It has been suggested that his description could 
not have been drawn from nature ; a censnre that seems to have been little merited. 

* See bia chapter " de intemis glandulia reoalilnM, eantmquc continuatione cnm vBsit," a wtnrkaot leaa eon. 
•pienoot ibr the sterling accuracy of it* obwmtioiu than for the sagacity dicpUyed in the ntnotaagi bued on 

t " Quanun (gland. Malpigh.) nonnullai hie distolute. in ductus fielliaoa degencnnt."— RoncRitrB, The- 
iaonia Anat. x. No. 86. " Corpuscula rotunda et ghwdifonma in totum sunt dimnhitM et eztiicata. Ductus 
qaiiUeiiiitDrBdliu, in totum quoque repleti rant pfoptcr n|)l«tioDem •itcrio]|ii«n.**-^bid. No. 149. 

; B^RKAiinrs At.Bixt'.", nftor injecting the Malpiphion bodies from the tirterie*. "Ta-«a iirinre f(iTide f rpd?. 
unUa cudcm colore fiuta beatus conspeiut." — Albikvs, p. C3, 64. Vide ticauMLAHSKii Uisawrt. inaug. Ana- 

iiiiiiiiiM de mum. ttneMii. Aijgmtomti, 198S^ p. S9. 

( ScBUMLAirnT, If. eft. 

UOtCCXUI. 1 
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HuacHKB* and MvviMwf are the only modem anatomlMg who have entered at 

length into this question, unil thcv both deny that there is any connection between 
the Malpighian bodies and tlie uriniferous ducfe Tli#» assertions of Mullbr, in 
particular^ ai-e so positive, and are reiterated in so pointed a uanner, that nothing 
bat the most dear denoutratkm of their erroneous natore would have induced me 
to apbold an opposite opinion!. 

I was led to the examination of these bodies in the coune of an inquiry into the 
ultimate structure of the true glands, in which 1 fmve been enj^ged for the last two 
years. I had frequently injected them from tiie artery, but had never inspected theni 
under high powen of the microscope, until they arrested my attention while exami- 
ning the structure of the uriniferous tubes. These tubes con^ of an external tunic 
of transparent homogeneous tissue (which I have termed the btuemmU membrane), 
lined by epithelium. The Malpighian bodU-^ T siw to be a rounded mass of minute 
vessels invested hya cyst or capsule^ of precisely similar a|)|)eararice to the basement 
membrane of tiie tubes. Seeing these similar tissues in such close proximity, it was 
not easy to resist the conviction that the capsule was tlie basement membrane of the 
tttltes expanded over the veaseb, but, after many trials, I could not at that time sue- 
oeed in gaining- an unequivocal view of their continuity. All that I could accom- 
plish was to perceive here and tliere an ambiguous approach to such an arrangement, 
sufficient to make it appear probable. 

I should perhaps have relinquished the idm thus presented to my mind, had not 
aeddent again drawn me to it Having, during last snmmer, been made acquainted, 
through the kindness of Dr. Milne Eowards, with a new method of injection em- 
ployed with great "iucccss by M. Dovere of Paris'', I injected some kidneys through 
the artei-y, by this tuethod, in order to notice the nature of the vascular ramifications 
in the Maipigbiaa iKidies. I not only found what I sought, but the clearest evi- 

* HuHini, Ueber die Tcxtnr der Nieien. Iai», 1828, p. 561. 

t Jaa. ailluxK, de {llimdulanim eeeamaitniiii itrnetari penitiori. Lip«i«e, 1830; lib. s. 

♦ Hr«rHitr (quoted hy Mi'LLsa), "These corpuscle* (Malpigfakn bodies) nn- withi-siit any connection 
with the uriiu/erous ducts. For these raott distinctly terminate by free blind extremiuei', while the Moipighiaa 
bo&t, averynlMm t uKi u t A in tht mtmtiMS «( the tottuooi uriniCenMU du!t», m etij eoaneeud witk tke 
Uood-Tesjtcls." — M('i.i,ER, Inr. rit., p. 87. 

MuLLKH My«. " Attamen certisMmum est, ex vasis waguiferia. ductus uriniferos plaa^ aunquam usquam 
wphri. iMiiiiiiiiiqiiie injeetMn ae quidem heemtiBiie in tdnJos wMhro pwroygft," tf. eU., p. 9S. "ffaes 
diirtTJum nriniferorum in coqiora Malpighiana desinerc, ccrtissitnfr fnlsa ti««'tio e*t," p. f)!!. " Falsia»ima est 
opinio de conoexu ullo quopi^m inter corpora Malpighiana sanguifera, et ductuum uriiiiferonim fines," p. 95. 
And «llMf puMgM eqndlf itmg vif^ be qaoled. 

i First particularly pointed out bf M0LU>« wbo coDoeives It ta bt twfesfljr cined, eauept at ene point 
where perforated by the Teasels. 

I lUa eaaifats of two laida wUeb nia^ ia the laudl w « h . aad eanae a pmipilatioD tbetc. Hie bat 
fluids are saturated ^oIutionB of liicUromatc of jntass ami uf su-ututi.' of It.id. They arc injrctrd in succession 
thimi^ the same vessel, whence the method is tenned that by double ii\feclioH. KaAusa published an sceonnt 
el U two yeaim agp^ bat M. Dariaa afiiMan ta hata airived at it after a Uwriani trial of nuBeraui lalaluHiai 
Both deiem the thaake «t aaatoodata far to mdMaUa an addito lo the ueim of bneitigatioB. 



uiyiiized by Google 



TBB MALnOHIAN BODIES OF THE XIDNBT. 



SO 



denee Uiat the eapsale wlneb invctta tbem is, in troth, the banment membnne of 

tbe arioiferous tube expanded over the tnfr nf vessels. The injected material bad, 
in many instances, burst through the tuft, and, being extrav isated into the capsule, 
had passed off along the tube. 1 have since made numerous injections of the homan 
kidocgr» and of thnt of meny of the bwer animal^ and in ail, uritbout exception, have 
met with the aane dIspoeiUon. I have also repeated, with better soocns tlian before, 
^examination of thin slices of the recent organ with high powers of the microscope, 
and in this manner Imvc fully corrol>onitcd the evidence furnished by injections. 
This mode of examination has likewise led to tbe interesting discovery of ciliary no* 
tion witbiu tbe oribce of the tulie. 

Acoordiiig to ray own obaemtfon8» the drculation through the kidney may be 
atated to be as followa s — AU the Mood of tbe renal aitery (with tbe exception of a 
small quantity distributed to tlic capsnle, surrounding fat, and the coats of the larger 
vessels) enters the capillary tufts of tli<> Malpighian bodies; thence it passes into 
tbe capillary plexus surrounding the uriuiierous lubes, and it finally leaves tbe organ 
through the bcancbes of tbe renal vdn. Following it in this ooorse, I shdl now 
endeaTonr to describe the vascntar apparatus, and the nature of iu ooaneetion with 
the tubes. 

With the inconsiderable exceptions just mentioned, the terminal twigs of the artery 
correspond in number with tbe Malpighian bodies. Arrived here*, the twig perfo- 
rates tbe capsule, and, dilating, suddenly breaks np into two, three, four, or even 
eight blanches, wldch diverge in all directions like petals from tbe stalk of a flower, 
and usually ran, in a more or less tortuous manner, anbdividing again once or twice 
as they advance, over the surfaeo of the ball they are about to fprm. The vessels 
resulting from these subdivisions arc capillary in size, and consist of a simple, homo- 
geneous, and transparent membrane. They dip into its interior at different points, 
and alter farther twisting, reunite into a sUigle small vessel, wUch varies in its sixe, 
bong generally smaller, but in some dtuations larger than the terminal twig of the 
artery. This vessel emerges between two of the primary divisions of the terminal 
twig of the artery, perforating the capsule rlo^e to that vessel, and, like ir, adhering 
to this membrane as it passes through. It then enters the capillary plexus which 
surronnds tbe tortuous urinifbrous tabes-t*. 

The toft of vessdi, thus fbnned» is a eompact ball, the several parts of which are 
held together solely by thdr mutual interlacement, for there is no other tissue ad- 

* A» the mode of nubdivlslnn of this Mtery in the iaterioT of the organ is well known, I have omitted to dc- 
•eribe iu It* braodiM oercr anaitonow. It almoet invariably bappeu that tbe twig* eadiiig in the Malpif. 
hka bodies m of oeaeidaible hsgtt, bat ocuMio ii iUy (a* in fig. 8) two hoiSm on aeeiilo on veiy ihort tw%t 
of a single branch. 

t " CKtirtm ^oiMnli ulterior ooofonnatio in pneataatMnii qnuiTit ii^jectiaiubiu non fncHi cxtricari po. 
teet. VMm tmm obeeraiae aitcriolBm, qute glomenlo leeedit, dm adinatar dividi, onde tortnou Tucula 
OiiiBBtar, que anaia secum arct^ connectuntur et recumint. Scd hoc ccrtum est, glomeruloe Cboi In fwlcaKl 
coHtiMii, mo nUiU, aiii m» in poncto, vm TcaicQlls cohxrera."— MOun» ho. dt., p. 101. 

I 2 
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mitted into the capsule besides blood-vessels. It is sabdi^ided into as many lobes 
as there are primary branches of the terminal twig or affeirnt vpssrl, and these lobes 
do not cooiHiuuicate, except at the root of the tuft. There are, therefore, deep clefts 
between tbetn, which open when the lobes are not greatly distended with injection 
or blood. The sarfiice of the toft is vferywhtn anattndied and free, and oontinuoos 
witb the opposed surfaces of the lobes. The whole circuaifetence of every vcHel 
composing the tuft, is also free, and lies loose in the cavity of the capsule. These 
circumstances cannot be seen in specimens gorged with injection, but only by careful 
examination of recent specimens with a power of 200 or 300 diameters. The vessels 
are so perfectly bare, that ia no olbor aitnation in the body do the ca|rf1laiiea admit 
of being n ntiafBctorily studied. It is only whcfe the toft is laige, as in Man and 
in the Horse, that its lobulated character can be always discerned. When the 
number of primary subdivisions of the afferent vessel is smaller, the detection of lobes 
is less easy. They may often be seen, however, in the Frog. In Birds and Reptiiet;, 
tlie aArent vessel seldom dindes, but dilates, instead, into a poaoh4ike cavity, which, 
after taking two or three ooils, ccmtracts ag^ and becomes the. eflbrent vessel. 
Here of course there art t o ]u1)es ; but the surface of the whole dilated pm t i^ Tree. 

The basement membrane of the urinifcrous tnbe, expanded over the MaJpighian 
tuft to form its capsule, is a simple, homogeneous, and perfectly transparent mem- 
brane, in which no structure can be discovered. It is perforated, as before stated, by 
the afferent and eflferent vemels, and is certainly not reflected over them. They are 
united to it at their point of transit, but in what precise manner I have not heen able 
to determine. Opposite to this point is the nritVe of the tube, the cavity of which is 
continnous with that of the capsule, geneniily i)y a eonstrictef! neck. I have speci- 
mens prepared with the double injection showing this continuity in Mammalia, Birds, 
Reptiles and Fish ; and, in Mammalia and Reptiles, I have obtained the still more 
satislactory proof afforded by a clear vieir of the whole of the textures magnified 300 
diameters. As the Malpighian bodies are jilaced in every possible direction, it often 
happens that a thin section, parallel to the neck of the tnhe, cannot at once be ob- 
tained ; but witb perseverance this may always be done. The capsule is then seen 
to pass oir into the bas^ent membiaoe of tlie tube, as the body of a Florence flask 
into ill neck. He bMcraent membrane of the tube is lined by a nucleated cf^tbe- 
linm of a flnelyogranular opake aspect, while the neck of the tube and its orifice b»> 
come abruptly covered with a layer of cells much more trnnsiiarent, and clothed with 
vibratile cilia. The epithelium is continued in many ca&ei* over the whole inner sur- 
face of the capsule ; in other instaaoea I have fnind it imposribk to detect the 
slightest appearance of it over more than a third of the eapsnle. When ikirly within 
the ciqwnle, the cilia cease, and the e|»thelium beyond is of excessive delicacy and 
tran«liu'enrp. Its particles are seldom nucleated, and appear liable to swell by the 
addition of ilie water added to the specimen. They frequently till up the space be- 
tween the capsule and tuft, and touching the latter, may seem to be united to it. 
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Tbe lines of tbdr motind oontaet may then wcnr the aspect <^ a highly deliieate 

areolar tissue, connecting the oqirale with the tuft. The cavity existing in the na- 
tural state between this epithelium and the tuft, is filled by fluid, in which the vessels 
are bathed, and which is continually being impelled along the tube by the lashing 
movement of the cilia. In the Frog, where alone I have as yet been able to see these 
organs in motion^ they were longer than thoie firom other parts of that 
anlm;J, and extremely active. 

The tubes, on issuing from the Malpighian hodip';, invarinhly Ix-rome greatly con- 
torted. I have on one occasion seen two of them unite, and from their dichotomous 
mode of division, when traced up from the pelvis, there can be little doubt that this 
b constantly their disposition. I have never, in all my eiaminatioaa, met iritii any 
appeamnce of an inoecnlation between different tnbales. The tortuom tubn nmte 
again and again in twos, and finally, under the name of pyramids of Ferrbin, become 
straight, and convcrije towards the pelvi«i, forming- the inediiHary cones or pyramids 
of Malpiohi. The Mulpigbian bodies are imbedded in a kind of oidus formed among 
these eonvolntions, and are toiMdied on all sides tqr the sommnding tubes. As the 
emergence of the tnhe from the Malpighian>1)ody can Iw seen only at one point, it is 
not wondeifld tiiat it should have been overlooked, and that the demonstration 
should tiave seemed cleai , that the Malpighian bodies merely lie among the tnbes, 
and have no connection with them. 

The blood, leaving the Malpighian tufts, is conveyed by their eflfbrent vessels to the 
great renal reservoir, the capillary jUacm snrrounding tlie uriiuftroits tul»es. This» 
in its general arrangement, resembles that investing the tnbes of the testis. Hie 
vessels lie in the interstices of the tubes, and everywhere anastomose freely, so that 
throughout the whole organ they constitute one continuous network, lying on the 
outside of the tubes, in contact with the basement membrane. This plexus is inter- 
posed between the effiuent vemds of the Malpighian bodies and the vdns. 

The eflferent vessds of the Malpi^un bodies are dways sofitaiy and never inceco- 
late with one another : each one is an isolated channel between its Malpighian tuft, 
and the plexus surrounding the tiihes. They are formed hy the union of the capil- 
lary vessels of the tuft, and emerge from its interior in the manner already explained. 
After a coarse of variable length they open into the plexns. Hieir siae is varions. 
In general, they are smaller than the terminal twig of the artery, and scarcely, if at 
sill, burger than the vessels of the plexus into which they discharge themselves. Bat 
where the Malpighian tuft is large, the efferent vessel is usually large also, and di- 
vides into branches before entering the plexus. Thh is eminently the case with those 
sitoated near the base of the medullary cones, where the medullary and cortical por- 
tions of the organ seem to blend. The efibrent vessels from these large Malpighian 
bodies are often three or four times the diameter of those of the plexus, and take a 
course towards the pelvis of the kidney hetween tlie urinifr rons tn!)es. They were 
formerly mistaken for tubes. They branch again and again in the manner of arteries. 
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■nd fbnn the plaxn with long meshes which invests this part of the tnbn. Some of 

the veins springing from this plexus form the well-known network on the nipple- 
shaped extremities of the cones, around the orifices of the tubes, and thence take, 
with the remainder, a backward coarse, likewise parallel to the tabes, to empty them- 
•dm into fenouo bnnchcs that He alioat tiie tNues of tbe cones. Tbew hIio^ wbeo 
i^lected, have been mbtakeD for tnbet. 

The other venous radicles are dispersed at about equal distances througboat the 
cortex of the kidney, and each receives the blood on all sides from the plexus sur- 
ruundiug the couvuluted tubes. When these venous radicles are congested, or injected, 
tbqr marlt out the eurftce of the cortical sabetance into lobalee not very unlike those 
of the lobnles of the li?er. On the Horse's kidn^, eqicelally, this may be often well 
seen. Each lolMile contains many tortuous ducts with their capillaries, but the coo* 
volutions of any one duct are not confined to a single lobule. These radicles nntte 
in an irregnlarly arborescent figure, anastomose and form the several branches of the 
renal vein. Those on the surface, especially of llie liuman kidney, have a tendency 
to converge towards a central vessel which then dips into the ulterior, and mns» like 
the rest, towards the hilus. Thus are formed the stelktcd vessels of anatomists, often 
conspicuous in di.'^eascd .specimens. Between the spraivlin;^ arms of these stellsc the 
convoluted tubes, with their plexus, come up to the surface (Plate IV. fig. 1 1 ), but the 
Malpighian bodies are rarely, if ever, visible quite on the surface. They are always 
covered in by convolutions of the tubes. 

The veins from the capeule and surrDnnduig bt join the renal vdn in some part of 
its course. It is probable that the capillaries of the vasa vasomm, within the snb- 
stance of the or^n, pour their blood into the capillary plexns suri-ounding' the tubes, 
as thotte ot tiie hepatic artery do into the portal-hepatic plexus of the lobules of the 
liver. 

Thus there are in the kidney two pafeetfy dSUfinef «f$tems ijf et^piUaiy eessefr, 

through both of which the blood passes in its course from the arteries into the veins : 
the 1st, that inserted into the dilated extremities of the uriniferous tubes, and in im- 
mediate connection with the arteries ; the 2nd, that enveloping the convolutions of 
the tubes, and communicating directly with the veins. Tiie etferent vessels of the 
Malpighian bodle8> that carry the blood between these two systems, may eollectively 
be termed ^lApHitdyatan ^f^e kidiu i/. To these distinct capillary systems, I am 
inclined to attribute distinct parts of the function of theoi^n; and their importance 
seems to warrant a few words, in further explanation of their anatomical dinrerence& 
The former, which may be styled the Malpighian capillary system, is made up of 
as many parts as there are Malpighian bodies. These parts are entlrdy isolated from 
one another s and, as there is no inosenlatloa between the arterial branohes snpplying 
them, the blood enters each in n direct stream from the main trunk. This capiltory 
system is also hisrhly remarkable, indeed stands alone among siroilar stnictures, 
in being bare. The secreting tubes of the kidney, like those of all other glands, are. 
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lti1<!tlf apealnngy an involution of the outer tegument of the frame: their interior 
i«, in one sense, the outside of the body : their walls intervene between the vessels 
and the exterior, and, as it were, cover them in. But here is a tuft of capillaries 
extruded through the wall of the tube, and lodged in a dilatation of its cavity, un- 
cofered by any ttraetare. Ban indeed, yet scfeened from injury in its remole cell, 
with infinite care and skill ! Each separate part, alw^ of this system, has bat one 
afTVrent and one efferent channel, and both of tliesc are exceedingly small, compared 
with the united capacity of the capillar^' tuff. The artery in dividing, dilates: then 
foUow branches wbicli uttcn exceed it in size, and wiiicb gradually break up iulo the 
finest Tbe eiferent veaad does not usually even equal the alRnrent, and in siae is 
often itself a capillary* HeiMie mm arise a greater retardation of the blood in the 
toft, than occurs probably in any other part of tbe vascular system; a delay that 
must be increased by the tortuosity of the channels to be traversed. 

Tbe other system of capillanes, or that surrounding the uriniferous tubes, corre- 
sponds, in every important respect, with tint investing tlie secreting eanals of other 
glands. It is well known to anatomists, and tlierefim does not require to be de> 
scribed at any length. Its vessels anastomose with the utmost freedom on every side, 
and lie on the deep surftice of the membrane that furnishes the secretion. 

I have applied the term 'portal tsystem of the kidney' to the seiies of vessels con- 
necting these two, on accouQt of the close analogy it seems to bear to the vena porta. 
Tbe precise qoali^ of tbe blood it carries may be doabtfnl, but in distribntion it is 
umilar. It intervenes t»etween two capillary networks, the first of which answers 
to that in wiiich the vena porta originate*., and the second to that in which the 
vena porta terminates. Tlie obvious dilTerence lies in its several parts not nniting 
lalu u single trunk, to subdivide uttcrwards; but this circumstance seems to admit 
of an easy explanation. A trunk is formed in tbe great portal drcnlation, for tbe 
oonvmicnce of transport, most of the capillaries which supply it lying at a distance 
from the liver. Some, however, viz. those drawn from the hepatic artery, cither enter 
the portal-hepatic plexus directly, (as Mullbr thinks, and as my preparations cer- 
tainly show some of them to do,) or else join the minuter twigs of tbe portal vein, 
according to tbe opiidoB of Knaaux. Now, in the kidney, tbe vessels issuing from 
the MalfNgbian tufts are disseminated pretty equally throughout the plexus sur* 
rounding the tubes (tbe one into which they have to discharge themselves), and they 
therefore enter it at all points at once, without uniting. In the medullary cones, 
however, where there is a capillary plexus to be supplied with blood, but no Malpig. 
hian bodies nearer than the base of tbe cones, the conditions which oblige the fonn- 
ation of a portal venous trunk bsgin to operate ; the two capillary systems it serves 
to connect are at some distance apart. Here, consequently, the Malpighian bodws 
are generally larger, their efferent vessels more capacious, and branched aAer the 
manner of ao artery. Each one (^f these e/ferent vessels is trubf a portal vein in Mi> 
niature. 
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The capillary plexus surrounding the tubes differs, therefore, from that of other 
glands, and agrees with that of the liver, in its receivings blood that has pre\'iously 
tiaversed another system of capillary vessels. '1 tiat other system is a peculiar one, as 
already pointed out, and cannot be likened closely to tluift which fiirniebcs the portal 
vein of ^e liver. 

The preceding account of the existence of a true portal system in the kidney of the 
higher trihes of Vcrtebrata was already written, when an opportunity presented itself 
of inspecting the distribution of the vessels in one of those lower animals, in which, 
besides the renal artery, the kidney is farnished with a portal nSn, derived from the 
binder part of the body. The presence of snob a vein, though denied by Mbckil, 
was well established by Nicolai, whose statements have been confirmed by others ; 
but I am not aware that any anatomist has explained its remarkable distribution, and 
its connection with the other vessels*. 1 shall therefore introduce a summary ac- 
coant of my examination of the kidney of the Boa Constrictor (the animal in qaes> 
tion), wbkdi may he regarded as a model <^ this variety; andl tbinic it vrill be found 
not only to show the correctness of the analogy I have drawn between the efferent 
vessels of the Malpighian bodies and a portal system, but to place in a clearer light 
the other striking resemblances between the circulation of the liver and kidney. 

The kidney of the lion, being composed of iiioluted lube:*, uf a couipresiied reniform 
shape, displays all the points of Its structore in pecuUac simplicity and beauty. At 
what may be termed the hiliis of each lobe, the branches of the vena porta and duct 
separate from those of the renal artery and emulgent vein ; the two former spreading 
side by side, in a fan-like form, over the opposite surfaces of the lobe, while the two 
latter enter its substance, and radiate together in a plane midway between these sur- 
faces. The lobe is made up of the iiami6cBtlons of these §ow sets of vessels^ in the 
followiiig mode. Eadi dWef, as it runs over the surbee^ sends down a series of 
branches which penetrate in a pretty direct inuntier towards the central plane. Arrived 
there, they cnrl back, and take a more or less retrograde course towards the surface, 
and finally, becoming more convoluted, terminate in the Malpighian bodies, which 
are all ntoated in a layer at some distance within the lobu, parallel to the centrnl 
ptaae, and nearer to it than to the sur&ce. The dvcts never anastomose. The arteiy 
subdivides into extremely minute twigs, no larger than capillaries, which diveigeon 
either hand, and enter the Malpighian [)odies. The efferent vessels are of the same 
size as the afferent, and on cmergiug, take a direct course to the tiurface of the lobe, 
and join the branchy of the vena porta there spread out. The branches of the portal 
van on the surfhoe^ send inwards a very nnmeroos series of twigs of nearly nnifbrm 
capacity, and only a little larger than the vessels of the cofiUary pkiou, in which 

* Kmran, who teenui to liaTC entered into the greatest detail on this aubjcct, states that be was unable to 
•Miatlin in the Serpent's kidney, whether the t\vig> uf the artrrj were distributed to the Malp^liiin bodies or 
not In the Fh)g. howgwar.ho dacribw tho M olpi gl aiii bodiiet Moppuhit to tU tonrimltlriip «f fttitoiy. 
Isis, 1828, p. 56&-7. 
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tbcy alnotl imiBcdbtdy tomiiMte, TbUi it tke pkzas Mmonndlng the urinifbram 
tubes. It Mtcnds from the earftee to the central pJane of the lob^ and there ends 

in the branches of the emulgent vein. 

Thus the efl'ercnt vcs-sels of the Malpichian t)odie5 are radicles of the porta! vein, 
and, through the portal vein, empty themselves, as in the higher tribes^ into the plexus 
surrounding the uriniferous tabes. The only real difference between this form of 
kidney and that <tf Mammalia, is, that there is here a vessel bringing blood that has 
already passed through the capillaries of distant parts, to be added to tliat erasing 
from the Malpighian bodies, and to circulate, with it, through the plexus surrounding 
the tubes. The efferent vessels of the Malpighian bodies nin np to the surface in 
order to throw their blood through the whole extent of the capillary plexus ; which 
tfaey wonld ML to do, if tbey entered it in any other part 

I hnre described the renal artery as htmg spent upon the Malpighian bodies ; but 
in the hilus of the lobe it gives off", as in tlie higher animals, a few slender twigs to 
the coats of the excretory ducts and of the larger vessels. The capillaries of these 
twigs are easily seen, and, in all probability, discharge themselves into the branches 
of the portal Tcin. 

The cimilation tbrougb this form of kidney, may be aptly compared with that 
through the liver, as described by Mr. Kibrnan in his inva1iiai)le paper on that gland. 
The plexus surrounding the tubes corresponds w'lth tlie portal-hepatic plexus, which, 
in the lobules of the liver, investi> the terminal porliuiis of the bile-ducts. Both these 
plexuses are supplied with blood by a portal vdn, derived diiefly from the <»piliaries 
of distant organs, but in part from those of the artery of the respective organs them- 
sdves. The only difference seems to be, tint, while, in the liver, the branches of the 
artery are entirely given to the larger blood-vessels, ducta, &c., in tiie kidney, a few 
only are so distribtited, the greater luiiiiber going tliroiigh the Malpighian bodies, to 
perform an important and peculiar function. In both glands, however, all the blood 
of the artery eventually joins that of the portal vein. The emulgent vein oS the kid- 
n^ answers to the hepatic vein of the liver. 

The rnmjKirl'iim hftivecu the hcpat'ic and renal portal circulut'ion may be thus 
draw n in more general terms. The portal system of the liver ha-s a double source, 
one extraneous, the other in the organ itself: so, the portal system of the kidney, in 
the k»wer tribes, has a two-foM origin, one extraneous, the other in the organ itself. 
In both cases the extnmeons source is the principal one, and the artery furnishing the 
internal source is very small. But in the kidney of the higher tribes, the portal system 
has only an internal source, and the artery supplying it is proportionally large. 

The above account appears to me to comprise whatever is most important in the 
anatomy of the blood-vessels and doois of tiw kkln^. My object in it has been to 
convey an idea of the physiological anatomy of the glaad, and I have therefore omit- 
ted to mention (except where it suited my purpose) those rougher characters of the 
kidney in the varions classes^ that result from varieties in the mode of aggr^tion of 

MDCCCXLil. K 
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its several oooBtitneat parte. The principal of these are w«U known, and il vooU 

have diverted attention too inneh to delineate othci-s, rspecially as such pecttliartties 

ni'c of trifling moment. The accompanying illustrations I have endeavoiii-ed to 
execute with scrupulous fidelity after nature. The injected specimens from which 
several of them are taken, are, with numerous others, in my possession, and those 
that can be examined only m a recent state, may usually Im prepared with facility. 

I shall now state the results of my injections of the kidney of Man and the higher 
animals by the arteries, vein*, and flticts, in order to show their aeconlanee with the 
view I have given of the nature of the Malpighiaii liodies, and ot" the vascuhir appa- 
ratus of the organ. This may be also desirabiu fur pur(jobC!> ot coniparisun with the 
Statements of other anatomists (which, to avoid prolixity, I have not referred to in 
detail) ; and it will, liesides, give a fall opportunity of testing the oorrectncm of my 
statements, to those inquirers who oiay be disposed to do so*. 

% the Arteries, the Mafyigkim Tv/la cm be nv/ectorf vnik great facility, and also, with 
iw/rgedom, the Cap^miee surremnding the urinlfennu tube*. The Tabe* alto may 
he itffeUedt ^ eiciravtualuM fiem Me Mulpig^itm tufts. 

The course of tha iii|ection to the tofte is direct and free. The arterial tree is of 
sinal! capacity, and there is seldom so mti( l> Mnort in it after death as to impede the 
How of the artificial fluid. My preparatioii^ bhuw this tree injected in various degrees, 
by tbe doable fluid (Plate IV. figs, l to 14). In some, the tufts are full, theafiferent and 
the effi»rent vessels are both seen, as well as tbe communication of the latter with the 
plesossnrrounding the tubes (figs. 2, 4, 5, 6). In others, the vessels of the tuft have 
given way under the pres«iiirr of the fluid, which has then escaped into the capsule 
and often into the tul)c also-J- (figs. 4, 9, 10, &c.). Sonietimcs the injection has 
passed freely and witliout extravasation through only a portion of the Malpighian 
tuft, leaving the rest 61icd with blood, which ooutd not have happened to an nn- 
bianehed coil of vessel, as this toft is by some described J. In these, the afifermt 
and the efferent vessels are both injected, I)nt only a fragment of the tuft (fig. 2). 
Sometimes the injected fluid has burst oat immediately on entering tbe first branches 

* Itia worthy of notue. as abmring both tlie difficulty of tbe subject and the uncertain i>tate of our know- 
ledge up to the preaeDt time, that Bkrkf", the dUtinfOiiahcd Profcsuor of Vicmui, in hi« recently published work 
on microscopical anatomj, otaintaiDs the existence of a direct inotcuUtion of the urinifcrouH tubes with tbe ca- 
|rillu7pleiiu«iiinDU]idiii|^t1ica. Aftor tine dwcriptitw ilntAf giwo. 1 mod hmHy wqr. fl»t thi« ww niam 
to me, for many rensons, altogether tintpnable. 

t I have great pleasure in stating that my friend Mr. Tomjw, three years ago, during his ezaminatioa of 
BUUMnio kidaej* that be had injected, saw two or three w>pW of thia escape cf the r^jeetkm Amg the 
tttbp ; of one of which he ha* prciscrvcd a roH^rb otitlinc. Not bcinir able to <^cLMt a;:;;iin tie p'ivv up the scnrrh. 
I lukve DO doubt that be contmonicttted thi» fact to mc in conversation at the time, though 1 cunnot now recol- 
Icet hk doing M. Ilwflntdnwfaif Inadeof thetulwejcpuidedavcrtfietBft, Iftitddated Februurf 17, 1041; 
obont which time my interest in the subje-t %vx'; fir«t excited. 

I Of Goone thia never occors in Birds, where the Mnipi^iiaii vewel is a coiled ampoUa. 
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Of tbe toft: it lm» then iosmaated itself between the <^ yeesdi end the capsule, 
end has nm off along the tnhe. In this ease tlae tuft is left nninjeeted and contain- 
jaf Mood, and it becomes enveloped tn a film of injection (fig. 9), Sovetinci OM 

side only of tiic; tuft is injected at the moment when extravasation oceoi-s, soniftimes 
the whole, and likewise the efferent vessel (figs. 3, 4), In jren^raU the rapsiiif, when 
thus tilled with extravasuted injection, has a perfectly smooth external surface, but 
when the taft within is also mnch dbtended, thie may, in the dried and somewhat 
collapsed specimen, give to the outer surface of the capsule an uneven appearance 
like that of the tuft itself. The rapsnle. when distended, is stum in many in!?tanre8 
to Hnlge and form a prominent circle round the point at which the vessels entt-r and 
emerge. The vessels then appear to lie ia a small pit or fissure before becoming con- 
nected with the tuft (fig. 9). Lasdy, it occasionally happens that though extravasa- 
tion has occurred into the capsule, the fluid has not spread itaelf over the whole 
snrfoce of the tuft, and yet has passed off along the tube (figs. 3, 10, m, m). As the 
tubes in the hinnan kidney usually become very tortuous immediately on leaving the 
Malpighian bodies, the injection ruuuing off along them may often wear the appear* 
ance of an irregular extra vasated mass, and so its real nature escape observation* 

* During the counc of the iwwcbea detailed in this paper, I have embraced whatever opportanitict pie- 
Mtttod ttemadTea of atndying die noiWd eaiidltiixui of die bunan kidoey, and e»pe«ially tiliaae uraaUy bunra 

as till' stiiRua uf Bkiuiit'« di^-ciisi-. It would ubviou'ly hiu'c iK-trti little rtinducive to my jirusent purpose to 
have entered here upon a general deaeription of the roaulta to which mj in^uirica on thi* iatemtiag aulgcot 
liBra kd BO, bat I oaaiMt Ibrbear notioiiig ODO fiwt of oouaidciilile i»|wrta»B e « wfaidt will both SlulnilB nd 
b* ilhHinted by the preceding accamit of the normal anatomy of the gland. It ii vdl kmm tbat bkiod b 
often paased with the urine during the conree of the diseaae, cap«ciaUy at die ecriier pcrioda of when mmy 
cironnutances contribute to prove that the kidney* aie in • atate of taagiUiMOiis turgesccnee. How daea.thia 
blood escape into the dnetaof the gland ? The organ examined at this time pre»ent9 on its surface and through- 
out it« cortical substance, scattered red dots, of somewhat irregular shape, not accurately rounded, and generally 
as large as pins' beads, that is. very many times larger than the Malpighian bodies. These qwta an very vin- 
Ue oil dia nuftee, wbere, I bave before stated (p. G3), no Malpighian bodies exist. They bave been nerer- 
theless described hy fi-jveral recent writcr= (nut wltlimit rontcntion for the honour of the discovery) lui X[al- 
pighian bodies enlarged from congestion. How a .Malpighian tuft, such as I have described it, could attain so 
pwdigiw bdk. prodl^ot eo af wud wtth to natautal ait, teiwwM ant be eaay to eiplaia. ]cli«m*aa», 
if examined wnth n Irn?, the Hood forming thpue !ipots is fnnnd to Tic arritifTcd in convoluted linrs, hut these 
Goavolutions are not the dilated vessels of the tuft. They are nothing less liian tie cMt>ol»tmu of a tube Jilled 
«M MMd^^baebuitt into tt from dw gwigtd ft^^ lUa k it once cfHdant to 

a person fiimiliar vnrh the appmnsTicf' of the same tubes wlicn filled with injection in a similrtr manner ; and 
the figure, which I have taken from a healthy kidney so injected (fig. 11), might serve as an exact repnaenta> 
tioB of one of tbcae epoto, w aeen on die aorbee of die ^eeaed oigao. The nose or laaa peffiwt plvg, dnu 

oftetl formt-J In the tubus, n thv ix-casion of those dijatjitions nf thr tube- and Malpighian atpsulca, \\\\'\c\\ art- tt> 
be met with in the more advanced stages of the disease. Thus is to be ex p la i ne d the somewhat loose state* 
wen. that d» daeaoe eaniiiie essentially in enlaigeiaeBtof the MalpiglMMi bodfae. Though 1 have enmiacd 
with crrest cnrr many kidneys at all sta^rc' of the romjilaiiit, I hiivc never ^tcn, in any one instance, a clewljr 
dilated condition of the Malpighian toft of vessels. On the contrary, my friend, Mr. Busk, an excellent ob> 
toivcr. bw ipednaN whieh nadonbtedlr ptofn duM tnlt* nottobe dilMed in the ii»t et^ge. «nd I poewn 

tat dlatigca* bat Berar nfaofc dior iMtanl else, t an (wr fimn implybi^ 
* k2 
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(fig. 9). When size and vermilion are empkyed, this is very apt to occur*, and 
especlallj wben the tpeeimen injected ii not fimb ; for the epitheliani soon loses ita 
adhesion to the basement tissue of the tube^ and, falling info tlie c.ivUy, mingles with 
the stream of injection, and renders its course ohscure. This lining of the tubules 
with a pavement of epithelitmi occasions astrikins: appearance in perfectly fresh spe- 
cimens, when hllcd with double injection. This penetrating material iniiinuutes iueif 
into the interstices of the epitheBal particles, and thus marks them not as a kind of 
pattern on the wail of the tube, l^en extravasation does not take place in the 
Malpighian bodies, more or less of the network surrounding the tub«;s is not unfre- 
quently injected. The most i>erfect s|)eririK'ns of injected Maipigliiun tufts are then 
obtained ; but the veins themselves are seldom well tilled through the arteries, for not 
only is the way to thero circnitoos, and broken up into a thousand separate avenues 
(the Malpighian tufts), but it is usually loaded with blood. When injection is driven 
into any one branch of the renal artery, the several states novr detailed are seen 
only in the put ts to which that branch is distributed. There isno anastomosis be> 
tween the branches in the interior of the gland. 

It sometimes happens that in injections by the artery, extravasation is found to 
take phce into tbe interstices of the tubes, with or without escape into the Malpighian 
capsules and tnhes. This may arise from rapture either of the arterial tree, before 
reachinj^ the Malpighian bodies (which is uncommon, where great force is not em- 
ployed), or of the efferent vessels of those bodies, or of the network of the tubes, 
injected through them. It uiay also occur from rupture of a tube, which has been 
itself filled by the rupture of a Malpighian tuft. 

Bif the Veins, the Capillaries surrounding the tubes may he injected, hut neither the 
Malpighian bodies, mr the arteries, nor, without extravasation, the tubes. 

The capillaries of the iiriniferous tubes are of gix*at aggregate capacity, and com- 
monly contain much bioud. Wben injection is pushed into tbe vein tbe whole organ 
instantly swells; so rapidly do these (filatable and freely inosculating channels 
receive tbe fluid impelled into them. By tlie numerous communications of the capil- 
laries with the veins, it is at once dispersed in every direction, and enters the capiU 



bowmer. that tbm bodin aie onommned in tbe tniia of morbid jibcnoroauu Tbey unqueitiaiMbly an to» 
waA even ncooaarily mint be wo, from their inBtaaxal •liucuue, but in wbvt mtnaer t ahaU not mt prevent 

sitrtii,]it lo shiuv. 

* My fnerid Mr. Quekett, of tbe College of SurgeoM. pc m i wi many very excellent ipecimciu of in- 
jected kiducyc, in many of wUdi he haa been aUe to detect the tube pauing from fbe Malpighian body, 
since bis attention was direetad to tiiia anangement. He tXwo ttiow cd me a very bcautifbl tajoction of tbe Mal- 
pighian bodie* in the Horse, sent owr to tbe Micrcnacopical Society of I^ondon by Prof.'HvaTi of Prague. In 
one comer of th'i» we found a similar cxtrevasation, tbougb the disposition in queation seems to have eluded the 
attention of that excellent anatomist. I am indebted te Mr. QnniT fior eone fiadf iqeeled qneiaiiaa of » 
boa'a kidney, from «m of which £g. 14. k taken. 
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luht by fammMnlile aveiMM. Bat towards the Malpighion bodies, there is no' 
opening from tiiis capillary network at all cormponding in magnitade or freedom to 
that on the side of the veins. In fact, the only points by whidi it can discharge 

itself are the efferent vessels of the Malpighiun hodies, which are comparatively few 
in number, only capillary in size, and quite disconnected with one another, except 
through the pkxns Hadf. Add to this» that the Malfnghian tnft to which they lead 
Is a great obstacle to the passage of iluid» from the tortuosity of its minute vessels, 
and by their all having but one point to dlseliarge themselves of the blood they 
already contain, viz. tht'ir afferent vessel. Thu'^ to fliil l It ivcn through the kidney 
in a retrograde course, tljere its not only the general impediment otfereci hy the 
aggregate capacity of the arteries being greatly inferior to that of the veina, but a 
Taseular arrangement cqoivalent to a doable valve. The capillaries of the tabes form 
a hrst great cul-de-sac, those of the Malpighian tofts a second, for these may both 
be described as great reservoirs, easily entered from tlie side of the arteries, but dis- 
chargins: them«ch'es with great difficulty back again, or towards the arterial tree. 
If it be now considered that the network of the tubes, or the former and far the 
greater of these reservoirs, almost always retains mach blood afker death, and that 
the Malpighian reservoir is never without a oonsiderable qnanti^, it irili not be 
difficult to comprehend, why injection thrown into the veins reaches not to the Mal- 
piphian bodies, however well it may seem to load the capillaries of the tMl>es ; for 
all the blood must first pass through the difficult channels that have been spoken of, 
and this it never can do completely. I suppose tliat this view of the Mbject, which 
is nothing more than a statement of facts, will lie deemed a snffident explanation, 
and that it will not 1m regarded as necessary to imagine the existence of real valves 
in any part of the course of these shkiII !<Io(><1 vc*,vel*< I have never met with any 
appearance that could lend credibility to sueii a supposition, which/if true, would 
present an unique structure in the vascular system. Extravasation from the veins 
will sometimes reach the tubes, in consequence of a stmetnre which will presently 
be explained. 

By the Tubes, the Malpighian bodies cannot be ii^ected, nor, without extravasation, 
either iheptextu surrounding the lubety or the veins. 

Many anatomists have tsken extreme pains to inject the tubes from the pelvis of 
the hidney, by means of the air^pomp, hot never has a single MU(Hghian body been 
tbos filled. This, it has been said, is a conclusive proof that the Malpighian bodies 

are not placed at the extremities of the tubes. Rut I think that if the real structure 
and relation of these parts be duly considered, thii> constant result will be allowed to 
be in the strUstest accordance with the accoant I have delivered, and even a ikecenary 
effect of the anatomical disposition of the parts. To those who are acqaunted with 
the practical difficulties of the injection of tlie ducts of glands in general, and espe- 
cially of those which are very tortnons, the following considerations on this subject 



uiyiiizcQ by LiOOQle 



70 



MR. BOWMAN ON TBS 8TRUCTUBB AND USB OV 



iritl probably appear oondmiTe. Eren of tbe testis (wheie the tabes are fiur tbieker 
and stranger in their coatSr and mocb more capacious than in the kidney), there are 

not ten specimens that can be pronounced at all full, in the tnnsenms of Europe ; and 
there is no evidence, that, even in tbe best of tbese, tbe injected material has reached 
tbe very extremities ufthe tubes. 

In tbe Iddnejr, tbe tubes are exceedingly tortooos after leaving tbe Malpighian 
bodies, and only become straight, in most animals, in proceeding towards tlie ckcre- 
ton,' eliannel to discharge themselves. The way towards their orifices is so free, in a 
natural state, that tlieir fluid contents exert no distending force upon their wails. 
Accordingly their walU are exceedingly feeble ; the basement inembraoe oa wbicb 
tbeir strength mainly depends, is very delicate and easily torn. Tbqr are therefore 
incapable of offering mnch resisiance to a fluid impelled into them from the pelvis, 
Imt bnrst readily, if it be forcibly urged. But were the coats ten times as tough as 
thev rcallv are, injeetion could not penetrate far into their convoluted portion, unless 
pushed with niueli force ; and this for two reasons: — Ist. Tbe fluid which the tubes 
already contain lias no means of escape before the injcctimi, since these canals end by 
blind extremities in the Malpigbum Ibodies i and though these bodies are dihitatloos 
of them, yet they are already filled almost completely by the tuft of capillaries, and 
offer no capacious receptacle for tlie flnid from the tubes. 2m\. The layer of epi- 
theliuiii (wliich nsually forms about two-thirds of the thickness of every tube, tlie 
calibre lieing about one-third*) is, immediately after death, very prone to separate 
from tbe basement membrane which it linc% and to fell into and block up its narrow 
channel. Even if the epithelium remdns ui its place, tbe calibre of the tube is but small, 
and if it becomes detached, it opposes an effectual bar to the progress of the injection. 
By removing the pressure of the atmosphere from the outer surface of the tubes, 
these obstacles are occasionally in part overcome, so that even tbe tortuosities of tbe 
tubes are filled for a certain distance. Bat even so Hmited a success is rare, and in 
fiMe of meclwnical obetades, such as above mentioned, to tbe onward current of tbe 
injection in the tubes, the force employed invariably sooner or later bursts their 
coats, ere their extremities have been reached. Extravasation from the tubes, as might 
be expected, fills their interstices, and the iliiid may then issue by a rent at the hilus 
of the kidney. But it is remarkable bow readily it enters the veins and absorbents 
from the dacis. This is undoobtedly by extravasation, and does not prove any con- 
tinuity between them. The veins may be filled when the fluid has not penetrated in 
the tubes beyond tlu; medullary cones, sliowiii^ that the ruptnre must occor in con- 
nection with those cones, cither at their apices or in their substance. By a thin 
transverse section of one of these cones, tbe ducts and blood-vessels of which they 
principally consist, are seen to be imbedded in a sort of matrix, apparently homoge- 
neous, but probably having a odlular structure. This matrix keeps the tubes and 

* Thm piDpntiflos TCiy fionaidmUy. Dm IwMment mwibw i w k lo tUii thit it mtif be left ant of fli* 
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vends opea by being »aited to thdr outer tmlt, wbenoe resolts tbe dark cohmr, 
uf nally attribated to oongvatioii, vhich tbeae cones commoniy present, tm compared 

with the cortical part, where this matrix is less abundant. This in the structural 
condition which seems to me most easily to explain theremarkablefacility with which 
injection, urged along the tubes, enters tbe vciusi. The smallest rupture of the matrix 
will crack across the minute vessels accompanying tbe tubes, and expose tbeir open 
extremities to the cntranoe of the injection, if the force empkiyed be very moderate 
and equable, extravas^uion docs not occar* and the tubes alone are injected, often to 
the surface, but unthK- or ill regnliited pressure almost inevital)Iy oocasions it. Having 
uncc entered a small vein, through however small an opening, it soon diflfuses itself 
through the veius, and tlic capillaries surrounding the tubes, rather than along the 
tubes, for tbe reasons above stated ; and, if the oifan be then ent to pieces and ex- 
amined, these vessels seem filled, without cxtravasatimi ; the tubes are also more or 
less filled \rith the same colour; and the two strnctnrcp arc 6o intricately interlaced, 
as to wear the aspect, especially if dried, of one continuous network. The point of 
extravasation escapes observation, and hence tbe fallacy of imagining a continuity 
between the Teins or tbeb capillaries and the tubes. 

Some distinguished anatomists have held that the tubes end in a plexifovm manner, 
and have stated themselves to have unequivocally seen this arrangement in injected 
specimens. I am induced to helieve tlii^ of)inion to be founded on deceptive appear- 
ances ; either such as that above mentioned, or that occasioned by the overlapping 
of injected tubes. Others have considered the tabes to terminate In free Wand ex- 
tremities unconnected with the Malpighian bodies, and have likewise rested their 
opinion on the appeaiStnces of injected specimens, as well as on tli o^ nf recent ones. 
As the injection nhvays stops short of tlic real extremities of the tubes (tbe Mah iirliian 
bodies), it must neccs^^arily show apparent free extremities — and others may be pro- 
duced by the section requisite for the examiuation of the part. As for the false ap- 
pearances presented bf recent spcdmene, they are obviously referable to the sudden 
bending down of a tube behind tbe part turned to tbe observer. In a moss composed 
of convolntion!?, many such nu]s;t continually occur ; and tlieir real nature may be 
easily determined by the nse of a high power and varying focus. Other anatomists, 
aware of this last fallacy, and fulling to find either a free inosculation of the tubes in 
the form of a plexos, or a termination of them in tbe Malpighian bodies, have rested 
in tbe conclnsimi that tbe curves of the convoluted part are tbe looped junctions of 
different tubes. It is obvious that this conclusion i^: a deduction drawn from the ap- 
parent absence of any other mode of termination, and must be relinquished now 
that the tubes are shown to end in tbe Malpighian bodies. 

The foregoing account has been drawn principally from my observfttions on the 

kidneys of Mammalia, but it is intended to embrace the chief points in the anatomy 
of tbe Malpighian bodies in all the Vertebrate tribes. In all these,! have ascertained 
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the iMalpjghian body to consist of the dilated extremity of the uriniferous tube, with 
a amall ma» of blmd-vesMtU inserted into it. But in the eevenil orden of animali, 
tbeie are Tariom modificatioiu tliat merit notice. Tlie most conaiderable of these 
riq;ard the aise of the Malpighian bodies, in connection with which are others in the 
mode of division of the arterial twig. Tlic following Table exhibits this variety in 
their size, in a few species, and subjoined to each measurement, is that of the tube 
soon after its emergence. It will be seen that tlie tubes differ far less than the Mal- 
pighian bodies. 

Table ^ ike Diameter qf Malpighian Bodies, and of the T^iAer emergii^Jiran them m 

Fractions of an English Inch, 



Man . . 

BtAget 

Dog 



Cat 

Kitten. . 

Kat. 

MOOM 

Sqqiml (Simnt v^mU). 

RaMlit [Lepitf Cunlruku) . 

Oninea Pig (Cobaya) 

Hone 

(AMmh^ 

(Ami*) 

Bm 

Prog- (J?a«a) 

£el (AmgftiHie vutgaru) . . . 



lis 



MeUL Mininiua. 



lit 
ih 

•V 

ih 

tIs 

I 

70 

tin 
fir 



I 
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0(1 
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The kidney of the Boa shows vary beautifally the reason of the different siae of the 
Malpighian bodies in different ports of the same gland obeerYcd in all animals ; and 

also one cause of the striking difference in their size in different animals, and espe- 
rially in different-sized animah of the same natnral group. Its lobes are much 
thinner at their convex border, opposite the lulus, than elsewhere. The tube* are 
consequently much shorter there, and I have remarked that tlie Malpighian tufts are 
also mneh sniaUer. This correspondence l»etween the siw of the Malpighian bodies 
and the length ttt the tabcs^ throws much light on the function of the former. A 
further study of the varieties here displayed In the siae of the Malpighian tofts 
highly desirable. 
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R^ecting on this remarkable structare of the Malpighian bodies, and on their 
dngnlar eonnection vith the tube^ I was led to speoulate on their as«. It occurred 

to me that as the tubes and their plexus of capillaries were probably, for l eas* ] i r» 
sently to be stated, the parts concerned in the secretion of that portion of the urine 
to which its characteristic properties are due (tlie urea, lithic aeid, kc), the Mal- 
pighian bodies might be an apparatus dehtiued to scpumte from the blood the watery 
portion. This view, on farther considenitioD, appears so consonant with &ct8, and 
with analogy, that I shall in a few words state to the Society the reasons that have 
induced me to adopt it. I am not nna\T'are how obscure are the regions of hypo- 
thesis in physiology, aiui sliall be moftt ready to renounce my opinioa, if it be shown 
to be inconsistent with truth. 

In extent of snrfiuse, internal structure, and tiie nature of its vascular net«orlt» the 
membrane of the nriniferons tubes corresponds with that Atrming the secretingsurfiMe 
of other glands. Hence it seems certain that this membrane is the part specially con- 
cerned in eliminating from the blood the peculiar principles found in the urine. To 
establish this analogy, and the conclusion deduced from it, a few words will suffice. 
1. The extent of snrfece obtained by the involutions of the membTane, will by most 
be regarded as, itself, snffidoit proof. But, i. Its internal struclnre is eonelosive. 
Since epithdiam has been found by Pi KKiNjRandHaKLB in such enormous quantities 
on the secreting surface of all true glands, its use cannot be considered doubtful. It 
never forms less than i^ths of the thickness of the secreting membrane, and in the 
liver it even seems to compose It entirely* for there I have searched in vain tor a baise- 
ment tissue, like that whicb rapports the epitfaelinm in other glands. As I have 
endeavoured to show in the forthcoming Number of the Cyelopiedut of Anatomy, the 
epithelium thus chiefly forming tla- .snhstance of secreting membrane, differs in its 
general characters from otluT forms of this structure. Its tiiicleuted particles are 
never clothed with cilia, and are not surrounded with a definite cell-racmbrane. 
They are more balky, and appear from their refractive properties to contun more 
substance, their internal texture being very findy mottled,jrhen seen Ijy transmitted 
light. In these particulars, the epithelium of the kidney-tubes is eminently allied to 
the best-nmrkcd examples of glandular epithelium. 3. The capillar}' network sur- 
rounding the uriniferous tubes is the counterpart of that investing the tubes of the 
testis, allowance being made fiw the diffoence in tlie capacity of these canals in the 
two glands. It corresponds with that of all true glands in lying on the deep surfiu» 
of the secreting membmn^ and in its numerous vesads eveiywhere anastomosing 
lr«cly with one another. 

Hiese several points of identity utay seem too obvious to be dwelt upon, but I have 
detailed them in order to show, that in all these respects, the Malpigbiim bodies 
differ from the. secreting parts of true glands. 1. The Malpighian bodies comprise 
but a small part of the inner surface of the kidn^, there being but one to each tor* 
mom tube. 2. The epithelium immediately changes its cbaracter^t as the tube ex* 

MOCCCXJJl. ' li 
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pands to embrace the tuft of vesads. Ftom being opdce and minutely mottled, it 

becomes transparent, and a.HSumea a definite outline. From being bold, it becomet 
covered with cilia (at least in reptiles, and prulxibly in all elasses) ; and, in many 
cases, it appears to cease entirely, a s!iort way within tlie neck of the Malpighian 
capsule. 3. Tlie blood-vessck, instead of beiug on tlie deep surl'uce uf the luembranc, 
paas tbrougb it, and form a tuft on its free snriiice. Instead of the free anastomode 
eiaenrhere observed, neighbouring tufts never commnnicate, and e?en the branchlets 
of the same tuft remain quite isolated from one another. 

Thus the Malpigiiian bodies are as unlike, as tlie tubes passing from them are like, 
the memi>ranc, which, iu other glands, secerns its several characteristic products 
from the blood. To these bodies, therefore, some other and distinct fnnetlon is with 
the highest probability to be attributed. 

Wlien the Malpighian bodies were considered merely as convoluted vessels without 
any connection with the uriuiferon'; ttibc*;, no otiier n!!icc could bo iissie^ned them, 
than that of delaying the biood iu its course to the capillaries of the tubes, and the 
object of this it was imposvble to ascertain. Now, however, that it is jvoved that 
each one is dtoatcd at the remotest extremity of a tube, that the tufts of vessels are 
a distinct system of capillaries inserted into the interior of the tube, surrounded by a 
capsule, formed by its mcmbmne anti closed cvorytt lu're except at the orifice of the 
tube, it is evident that conjectures on their use may l)e trained with greater plausibility. 

The peculiar arrangement of the vessels iu the Malpighian tufts is clearly designed 
to produce a retardation in the flow of the blood through them. And the insertion 
of the tuft into the extremity of the tube, is a plain indication that this delay is sab- 
servient in a direct manner to some part of the secretive process. 

It now becomes interesting to inquire, in what respect the secretion of the kidney 
differs from that of all other glands, tliat so unomulous au apparatus should be ap- 
pended to its secerning tubes ? The difference seems obviously to lie in the quantity 
of aqueons particles contained in it ; for how peculiar soever to the kidney the 
proximate principles of the urine maybe, they are not more so than those of other 
glands to the organs which furnish them. 

This abundance of water is ap[)arcntly intended to serve cbie6y m a menstruum 
for the proximate principles and salts wMeh this secretion contains, and which, 
speaking generally, are far less soluble than those of any other animal product. 
This is so true, that it is coutmon for healthy urine to deposit some part of it^s dis- 
solved contents on cooling;. It rnny seem that an exception to this exists in the solid 
uriuc of some reptiles; but this expression merely describes the urine as it is found 
in the eldaca and larger excretory channels. The secretion is brought from the 
tnbules of the gbuid in a fluid state, and only becomes solid by the re-absorption of 
its aqueous portion after it has traversed the tortuous canals wherein it was formed, 
and been placed in a condition to he readily expelled from the system. The subor- 
dination of the aqueous part to tbe purpose of eliminating the more essential elements 



uiyiiiz-CQ by LiOOQle 



TBB MALPIQHIAN BODIBS OF TBI XIDNKT. 



75 



6f die seertffoo Cnm the sec«niiDg tnbuks <rf the gland, to durafiue here placed in a 
dear light 

If this view of the share takm by the water be correct, we must suppose that fluid 
to be separated either at every point of the secretin^: surface, along with the proxi- 
mate principles, as has hitherto been imagined, or else in such a situation that it may 
at once freely irrigate the whole extent of the secerning membi-ane. Analogy lends 
no coontenanee to the former supposition, while to the latter, the singular position> 
and all the details of the stracture of the Malpighian bodies, give strong credibility. 

It u ould indeed be difficult to eonccive a dtsposition of parts more ral< ul;ited fo 
favoiii- the escape of water from the blood, than tliaf of the Malpighian body. A 
large artery breaks up in a very direct manner into a number of minute branches, 
each of which suddenly opens into an assemblage of vessels of for grsater aggregate 
capacity than itsdf^ and from which there is but one narrow exit. Hence must arise 
a vcT}' abrupt retardation in the velocity of the current of Mood. The vessels in 
which this delay occurs are uncovered by any slnictnrc. They lie bare in a cell from 
which tiiere is but one outlet, the orifice of tiie tube. Tiiis orifice is encircled by 
dUa, in active motion, directing a current towards tbe tube. These exquisite oi^gam 
must not only serve to carry forward the flnid already in the cell, and in which tbe 
vascular tnft is bathed, but must tend to remove pressure from the free surface of 
the vessels, and so to encourage the escape of their more fluid contents. Wliy is so 
M'onderful an apparatus placed at the extremity of each uriniferous tube, if not to 
furnish water, to aid in the separation and solution of the urinous products from tbe 
epithelium of the tube? 

Many recently discovered fects* conspire tu | rove that secretion is a function very 
nearly allied to ordinary growth and nutrition; that whereas growtli and nntrition 
comprehend two fiTnrtinn?, assimilation of new particles and rejection of old, the old 
being reconveyed into tbe blutid, so secretion consists in a corrc!»pondiDg assiuiilution 
and rejection, and only differs in the old particles being at once thrown olf from the 
system, without re-entering the blood. According to this view, all eftte material 
recelveil into the blood from tlic old substance of the varions orfnins, must be reassi- 
milated by an organized tissue, specially designed for tbe purpose, before it can be 

* Pi Esrs-jK, Report of the Meeting of Naturalists at Priiguc in 1837. t"!'. No. 7, tfi3S. SmwAvv. FnoRii r"? 
Notiz. Feb. 1838. Hsnlk, MiiuiBs Ardilv. 1838-9. [See also Cyclop, of Anatomy, Art. Macouf mrmbrant, 
die eoMliiiiioB tt wUeh Sa oilf joat pubGahed, abhough that part of it relatiBf to tbi> tiwoiy waa viittcn in 
December last. Mr. Ooodbib, tince t\A> jiajuT \v;i? read, has ably ailvocatcd tliif f!.iory in a communication 
made to the Royal Society of Eidinburgli on the 30th of March, an abatract of which I have juet »een in tlw 
London and Bdlnlniigli MonOly Jdnnud gf Medical Seiowe, May 184S. In tibe aane imUicatioD b n TCpnt 

uf a paper h\ the .■^anif rNctncnt unatomigt, on the rtructurc of the liuiu-y, rtuJ at the Mud. Chir. Sue of 

Ediub. on April the 6th. He ddcriben "a fibro<«elluhir framework, pervading every part of the gland"— 
nndagoina to tiie capanla of Ouaaoir. and " fonnbg amall daunlim In lSb» earticnl portion, in cndi of wlileh n 
•ingle altimatc coil or loop of the uriniferous ducts is lodged." This framework is the struetnre which I have 
dcacrilwd (pp. 70-1) aa the *Mlrir. The oonvolntad tubea and vniaela aie «U imbedded in it.— t/me 1, 1842.J 
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dimioaled : and all lecratioiu derigned for an nlterior me in the flecononiy nnst be 
assimilated by such a tissue in order to tbeir separatiiin from ttie blood. This tissne 

is the epithelium of such surfaces, as, frnm their external anatotnical position, can at 
once release the secretion, when its elaboration is accouiplished. Ttie epidermis of 
the dchk, the epithelium of mnoooi membranes; and that <tf tnn glands, all more or 
less ooinpletdy falfil this purpose ; but the first is chiefly designed as a protection, 
the second partly so. atui tli<- third is the only one entirely devoted to what is properly 
called secretion. Into the examioution of tlm s^mernl question, it is impossible that 
I 8hoiikl now enter, but I shall 'itntc some considerations connected with it, that 
seem to have a bearing on the pre^eut subject. 

This theoryiin its iridest sense, supposes the epitheliam of secreting sarfiwcs either 
to pass through constant stages of renovation and deciiy, or else to remain, daring a 
longer period, as a permanent orginilc form, assimilating and rejec t] ncr, in the mode 
jn«t descril)e(l. In many cases tlie epithelial particles appear to be cast off entire 
when their growth is complete, and thus to form the secretion; in other instances, 
they seem to lose their snbstance by a more gradual process, and to waste or dissdre 
away on the snrfiice of the membrane, as fresh particles are deposited, below; in 
other examples Still, there is reason for believing that they are long a persistent 
structure. It supposes that the elements of all natural secretions have at one time 
been a part of an organized form, the epittieli<U particle i but it leaves it uncertain, 
whether the secretion, in a complete state, always cxnts in such particles when alive. 
It does not determine whether the chemical changes which occur in such particles, 
issue in the completion of the secreted product, until the period arrives for its being 
shed from the body. Hence it is beyond the niich of objections founded on the 
chemical examination of glandular organs en masse. 

Applying this theory to the kidney, it may be considered highly probable that the 
epithelium of the nrinifimms tubes is continually giving up its eSbte particles, and 
niulcrjjoing a gradual decay. This ?iow harmonizes in a striking manner with what 
has been before advanced as to the n^^c of \\n- Malpighian liodies. If tlie peculiar 
urinous jjrinciples were poured out at once, ttiiontjii the walls of the tubes by the 
capillaries surrounding them, they must be in a dissolved state from the first, and 
could need no fiirtber aqueous current to cariy them off ; bat if they are dqmsited 
in a more or less solid form, as a part of an organised tissue, they will require (being 
so sparin^My solidjle) an addition;il and extraneon.s source of water, by which, 
when tbeir formation is complete, they may be taken up and conveyed from the 
gland. The correspondence before noticed (p. 72) between the size of the Mal> 
pigbian bodies and the length of the tubes coming from them, is a strong argument 
in ftiTOur of this view. 

I stated that tlie large quantity of water in the urine seemed cAte^ to Serve the 
purpose of a menstruum. But though this quantity is always large, compared with 
that in other secretions, it is liable to great variation, according to the state of fulness 
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€f tbe vascalar system, and other circmostances. Hmce the kidneys appear t<x share 
in the office of rc|;nUitiii{^ the arooant of water in tiie body. How admirably tiie 

structure of the Malpighian bodies fits them fur thus acting as a self-adjusting valve 
or sluice to the circulation, I need not explain. 

It may possibly be considered by some, that, in the preceding observations on the 
nse of the aqoeons dement <tf the nrin^ mid on tiie natare of secratimi in general, I 
have been endeaTOoring to iHustmte n doubtful bypolheris by speculations more 
doubtful still, obscttrum per ^Ateurhu. But I rest my view of the fimction of the 
Malpigbian bodies princi)jaUy on anatomical grounds, and the other considerations 
have been introduced in connection witli it, rather in consequence of the interest 
they appear to me to add to it, tiian because I am fully satibtied of their validity. 
Undoubtedly both questions are worthy of being separately bandied, and require n 
much wider and more elaborate investigation than seems yet to have been given 
them. Meanwhile tfiey muy in turn re( livc some elueidation from the reseai-ches 
detailed in this paper. I^rallel lines of ituiiiiry into llie anatomical varieties of the 
Malpighian bodies and uriaiferous tubes, and into the chemistry of their secretion, in 
the dilfermit tribes of animals and in various stages of thdr development, could 
scarcely fitil other to confirm or to confute what has now been advanced. 

I shall conclude with three remarks founded on the foregoing facts and speculations. 

1. The bile and the urine have been ever classed together as the most important 
excretions. The former is secietcd from venous blood i the latter it has been thought 
from arterial blood, except in some inferior animals, in whidi the blood from the 
lower part of the body circnlstes through the kidneys. Bnt it is a most striking fiict, 
that the proximate principles of the urine, like those of the bile, are secreted in all 
animals from blood which has already passed through one system of capillaries, 
in a word, from portal blood ; although it docs not appear to what extent its qualities 
are changed by traversing the Malpighian system. The analogy is at least remark- 
able, and may throw some light on the mysterious meaning of tht portal drculation. 

2. Diuretic medicmu appear to act specially on the Malpighian bodies; and va~ 
riniis forcipi siihsfanres, particularly salts, which, when introduced into the blood, 
pass off by the urine with j^reat freedom, exude ifi all probability through this bare 
system of capillaries. J'he structure of the .Malpighian bodies indicates this, and 
also, as for as they are known, the laws regulating the transmission of flokls through 
organized tissnes, modified in their afllnities by vitality. 

3. The escape, also, of certain morbid products, occasionally found in the urine, 
seems to be from the Malpighian tufts. I allude especially to mgar, albumen, and 
the red particles of tfic blood : the two first of which would transude, while the last 
would cseape only by rupture of the vessds*. 

* See NMe, p. 67. 

3 Norfolk Street, Strand, 
FOnmy lHh, 1849. 
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PLATE IV. 

Fig. I. Malpigbian tuft — Horse. Tbe inji^tion has penetrated only to the capil- 
laries, a. Tbe artery, of. One of ita terminal twigs (or tbe afferent vessel 
of the Malpq^ian liody). d. The dilatation and mode of breaking^ up of 

the terminal twig, after entering tbe capsule : the division of the tuft into 
]ohm f, f. 1. 1, is vvel! seen, i, t. Intervals between tbe lobes. Magnified 
about eighty diameters. 

Fif. 2. Malpigbian tuft — ^Horae. The injection has penetrated tbrovgh the toft and 
has filled the efferent veesel, here coloured yellow for distinctness* sake. 

The afferent vessel, d. Its dilatation and mode of division, ot, m. Malpij;- 
hian eapillaric?. ef. Efferent vessel springing from them, and leaving the 
capsule between two primary branches of tbe afferent vesiiel. Magnified 
about eighty diameters. 

Yig. 3. Malpigbian iKidy-^Horse. The injection, after filling the primary branches 
of the afferent vessel, has burst into the capsule and passed off along the 
tube. It liiis not filled the tuft of crtiiillnries. which consTqtiently arc not 
seen, nor has it spread witiiin the capsule over the whole surface of the tutt. 
of. The afferent vessel, d. It^ dilutation and mode of subdivision. c,c-. The 
ontliiie of the distended capsule, t. The tobe passing from it. «, Situa- 
tion of the uniiQeeted Malpigbian tuft. Magnified about seventy diameters. 

Fig. 4. From the Horse. The injection has penetrated from the artery, through tbe 
Malpigbian tuft, into the plexus surrounding the tubes. It hns then rup- 
tured tbe vessels of tbe tuft, filled the capsule, and pas&ed off along the 
tube. a. Artoria] branch. tj/I Afferent veiaeL e. Gapsoledistinided. ^.TYibc. 
ef. Effi^rent vessel, p. Plexus of capillaries, surrounding other tubes not 
injected. Magnified atiout ttiirty diameters. 

Fig. 5. From tbe Horse. The injceticjii has passed as in the lust-described specimen, 
but without rupture of tbe Malpigbian tuft. a. Branch of the artery. 
of J af. Afferent vessels, m, m. Malpigbian tufts, ef, ef. Effeient vesseU. 
p. Plexus surrounding the tubes. Straight tube in cortical snbstance. 
ct. Convoluted tube in ditto. Magnified about thirty diameters. 

Fig. 6. From the Horse. Malpi^^liiun tuff, from near ilie base of one of the inedulJary 
rones, injected without extravasiition, ami showiui; the efferent vein liraneli- 
itig like an artery, as it ruus into the uieduilury cone. a. Arterial brunch. 
of. The albreni vessel, m, m. The Malpigbian tuft. tf. Tbe efferent vessel. 
b. Its brandies entering the medullary cone. Magnified about seventy 
diameters. 
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Fig. 7« Sinular •pecimens from the Rabbit, but with extravasaticRi into tlie capsale, 

and at / into tiie tube also, of, of. Afferent vessel, c, c. The capsule. 

The tube, ef, ef. The efferent vessel, b, b. Its branches entering the 
medullary cone. Magnified about thirty diuiueters. 

Fig. 8. From the Hone. Two Malpigbian tufts springing eidse together from a 
single terminal twig of the artery. An unuRiial arrangement. «/. Afferent 
vessel. »t, m. Mal[nghian tnlts. Magnified about thirty diameters. 

Fig.. 9. From the human subject. Two Malpiefhian iuxlies injected. Tlie tufts are 
burst and the fluid has escaped into tlie eapsnle. In one case it has passed 
also along the tube, the extreme tortuosity of which at its commencement, 
is well seen. a. Arterml bmndi, of. Teradnal twigs, c, c. Malpigbian cap- 
sules distended. ,de. The depression often seen in snch cases* at the pdnt 
where the aflTerent and efferent vessels pass : the latter are not here in> 
jected. t. The tube. MaijuifK'iI about niiiLtv diameters. 

Fig. 10. From the human subject. 'I'liis six'cimcn lias been chosen because it exhi- 
bits the termination ot a consideraliie arteriai branch, whoUy in Malpigbian 
tnfkB, and liecanae the several Malpigbian bodies injected show different ap- 
pearances of a very instructive kind. a. Arterial Inanch with its terminal 
twigs. At a the injection has only partially filled the tuft. At |3 it bas en- 
tirely tilled it, and has also passed mit along the efferent vessel rf, without 
- any extravasation. At y it tias burst into the capsule and escaped along the 
tube but has also filled the efferent vessel e/. At h and s it has been ex- 
travBsated and passed along the tube. At m and m (as in fig. 3) the injec- 
tion on escaping into tbe capsule has not spread over the whole tuft. Sifag- 
nified about forty-five diameters. 

Fig. 11. A minute portion of the smfare of the human kidney, injerted frorn the ur- 
terif. The injection has bnist many Malpigbian tult.s within the cortical 
substunce, and ao tilled the tubes, tlic convolutions of which on the surface 
of the organ are here displayed. It bus also traversed other Malpigbian 
tufts without extravasation, and so filled the capUlary plexus surrounding 
tbe tnlies and some i-adiclcs of the vein. /, t. Tortuous tubes as seen on 
the surface: these, with their capillaries, cover the surface, so that no Mal- 
pigbian bodies appear, p. Capillary plexns snrroumling the tubes, as seen 
on the surface, cv. A branch of one of tiie stelliform veins. Maguitied 
about forty-five diameters. 

Fig. 13. From tbe Guinea Pig {Cabaya). Terminal branch of the renal artery in- 
jected. The injection has burst most of the Malpigbian tufts and passed off 
along the tubes, a. Arterial lu anch. At m are seen a few Malpigbian tufts 
partially injected without extravasation. iMa^mi'icd about forty diameters. 

Fig. 13. From tbe Fsrrot (Psittacus). Injected by the artery, a, a, a. Terminal 
branches of tbe artery, a/, a/, f^. Terminal twigs of the artery. A, Dila> 
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tation of tbe terminal tw^ on entering the MalfMgliian capsule. «. Tbis 

dilatation more completely filled, showing its convoluted form, and ef. the 
efferent vessel, r. The Malpighian capsule filled, by extravasation from the 
contained vessel, and the tube / likewise filled, r*. The same, with the eflFe- 
rent vessel ej', also filled. MuguifieU ubuut eighty diameters. 

Fig. 1 4.. FVom the Boa Congtrictor. Injected by the artery, a/, a/. Termmal twigs 
of the artery, m, m. The convoluted dilated part within the Malpighian 
capsule, e/l The efferent vessel, r. The capsule — visible, but not injected. 
/. The cornTnf'iK oincnt of the tube. Magnified about seventy diameters. 
[All the preecding- fi£fnres are viewed by reflected light.] 

Fig. 15. From the Frug ; viewed by transmitted light. Shows tiie continuity of the 
Malpighian capsule with the tube, the change in tbe cbaFBCter of the epi- 
thelium, and the vascular tuft. Am, im. Basement membrane of the tube. 
«Pt ep. Epithelium of the tube. cav. Cavity of the tube, fm', bm\ Base- 
ment membrane of the capsule, ep', ep\ Epithelium of the neck of the tube, 
and of the neigiibouring part of the capsule : this epithelium is covered with 
cilia, which were seen in active motion eight hours after death, ep". De- 
tacfaed epithelial particle, more highly magnified, showing the relative length 
of the cilia, as they appeared in this specimen, om/. Cavity of the capsule, 
in which the capillaries, m, lie bare, having entered the capsule near 
where the view is obscured by another tube. Magnified about 320 dia^ 
meters. 

Fig. 16. Plan of the rami circulatim in Mammalia. The relative proportions and 
the character of the several parts are accnrately copied from preparations 
of the Human kidney. The artery a, (coloured pink) is seen ^ving a termi- 
nal twig a/, to a Malpighian tuft, m, from which emerges the efferent (or 

portal) vessel pf (coloured yellow). Other efferent ves»5els are seen, e, e, e. 
All these enter tbe plexus of capillaries p (coloured blue) surrounding the 
niinlferous tube t (coloured red). From this plexus the emulgent vdn ev 
springs. Supposed to be magnified about forty diameters. 
Fig. 17' Plssi the renal circulation in etnimah furnished with a portal vein from an 
extraneous source. The colours correspond with those of fi^^ 16. The re- 
lative proportions and position are copied IVoin the kidney of the Jhia (p. 64), 
of which a vertical section of one half of a lobe is supposed to be made, 
a. Artery, ^f. Terminal twig going to the Malpighian body. ef. Efferent 
vessd of the Malpighian body emptying itself into a branch of the portal 
vein pv on the surface of the lobe, h, h. Ultimate branches of the portal 
vein, entering the capillary plexus p, snrrounding the nriniferous tube 
M. Binn' fi of the ureter on the surface of the kihe. f" Kinulgcnt vein 
within Uiu lube, receiving the blood from the plexus sui roundiog the urini.* 
fcroas tabes. Supposed to be magnified about forty diameters. 
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V, On the Chemical Analysts nf the Contents of the Thoracic Fhict in the Human Sub- 
ject. By G. OwBN Rees, M.D., F.G.S., Physician to the Northern DUpeiutny. 
Communicated bjf P. M. Roobt, M,D^ Sec. ItS,, ^c. 

Reoehred Fdirauy Read Fefanmy 10, 1843. 

The contents of the thoracic duct in tde hmuaii ^^nhjt'ft having never been ohtaim-d 
in suHicient quantity for the put-puses of chemica) analysis, I resolved to avail myself 
of an opportunity wbicb lately presented itself in the execution of a criniinil at the 
OMBaUey. 

Through the kindness of Messrs. Macmurdo and Holdwo, the medical officers of 
Newgate, and with the assistance of my fricrKis Mr Hilton and Mr. Samuel Lanb, 
I was enabled to commence operating upon the body one hour and a quarter after 
death, and before it had become cold, although the thermometer stood cuiisiderubiy 
below 82* PAHa., and the body had been eiqimsed on the scaffold during one hour. 
Hie subject was muscular and of the middle height, and the prismier bad not become 
emaciated during his confinement in jail. On the evening preceding bis execution, 
he had partaken of some supper, consisting of about 2 oz. of bread and 4 oz. of meat ; 
and the next morning, he drunk two cups of tea, and ate a piece of toast made from 
the quarter of a round of a quartern loai', and about a quarter of an inch in thick- 
ness* This breakftst was tdcen at seren oVIock one hoar b^re death. He 
swallowed a glass of wine just before mounting the scaffi>ld. 

The contents of the posterior mediastinum having been previously included in a 
ligature from the left side, the thoracic duct was reached without much tliffic-uhv by 
raising the right lung, and dividing the pleura which forms the right boundary of the 
posterior mediastinum. The duct was easily found, being distended with chyle: it 
was seised immediately below the point at which it was Intended to divide it. The 
operator detached it as much as possible from its cellular eonnerions, and holding it 
between the thumb and finger, it was divided while thus compressed. The fingers 
anfi lower part of the duct were then well wa^lied l)v pouring clean water over them 
in Older to be certain that no serous secretion or blood might become mixed with the 
cbyle. The divided extremity of the duct was next placed in a perfectly clean glass 
bottle, into which its liquor flowed freely; its motion being fbcilitated by gently 
kneading the abdominal contents. In this manner nearly six fluid drachms of chyle 
were obtained, the physical characters of which were as follows: — It was of a milky 
hue, with a slight tinge of bulT. Its consistriife was much the same as that of milk. 
The latter portion which was obtained (four drux:iiui8 being received in a first, and 
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two dnebms in a leeond bottle) eongiilated on becoming oold; bnt the portion ■«> 
oehrcd in the firat liottle being retained in the hand of Mr. Holding, and thus kept at 

a higher tcmperatnre, did not coagnlatt during a full hour; and on subsequently 
being allowed to cool to the same extent as the specimen obtained in the other bottle, 
it still remained perfectly fluid. The coagulation which took place in the other spe- 
cimen was Jukvever very slight i and a partial resolntioa of the dot ooenrred after a 
few honn bad dapsed*. The epecific gravi^ of this fluid was 1*034. Cbenicai ex- 
aminatiun yielded the following results. 

Wtieii fteslu it \vi\H neutral in its reaction on test papers; a portion, however, 
which was kept some days, became slightly acid during dpcoinposition. 

The application of heat coagulated it strongly. The addition oi nitric acid also 
produced a strong curd. 

Acetic add did not coagulate it, bat, on the contrary, rendered It somewhat more 
pdlodd. The addition of acetu acid and the subsequent addition of a solutimi of 
fhrrocyanurct of potassium produced a strong white Hocculent [>reciipitate. A por- 
tion of the fluid w"is next submitted to analysis in the following uumiier. 

The proportion uf water wua ascertained by cai'eful evupuiatiuu over a water-hath 

until no decrease of weight was observed by further appfication of heat ; the loss in- 
dicated the weight of the water. The eolid extract obtained was findy powdered, 
digested with ether for a day in a dosed vessel, and then again similarly treated with 

a second portion of the men'^triinm ; l;tstly it was washed with ether. The ethereal 
solutions thus obtained were mixed together and evaporated ; the solid residue was 
estimated us fatty mutter. The portion iusoluble iu ether wu2> next treated with boil- 
ing distilled water, and aDowed to digest at a temperature of about 67" Fahb. for 
twelve hours. It was then again similarly treated, care bdng taken to pour off the 
first digested portion of water as nearly as possible without disturbing the deposit, 
before adding fh*- second quantity. The solid mnttcr was then placed on a filter 
washed with distilled water, dried and weighed as albutxieu. The filtered lujuors and 
washings were collected and evaporated together, and the dry result treated with 
euooeasive portions of alcohol, of the spedfic gravity O-sSi, nntil everything soluble 
in that menstruum was dissolved out. The insoluble portion was then dried and 
weighed us "animal extractive matter and salts soluble in water only;" and the aU 
coholic solutions bdog evaporated, their extract was estimated as "animal extractive 
matter soluble in water and alcohol." The salts were obtained from these ^tract- 
ives by incineration and carefully conducted decarbooimtion ; and tbdr weighu 
bdng subtracted from that of their respective extractives, the diflhrenoe gave the true 
weight of the animal extractive matter with which they bad been combined. Tlie 
quBDtitative analysis, conducted as above, yielded the following result in 100 parts : — 

« The fibrin uf tlie lymph hmI dq^U flf dic An coagukit with tidBeinit tMngdi l» idnitaf wpnttina 

ud ffitiiTTiT'"" in aiulyaii. 
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Water 90*48 

Albanaen with traces of fibrinons matter 7*06 

Aqueous extractive . 0-56 

Alcoholic extractive, or Osmazomc O'M 

Alkaline chloride, carbonate, and suli>bate, with traces of alkaline 1 

pliosphate and oxide of iron J 

Fatty matten Or9i 



The fully matters extracted in this uuulysis possessed, fur the most part, the same 
characters as those of the blood, being separable by boiling in alcohol, and Subse- 
quent cooling, into a ciystalUne fet, which was deposited as the alcohol became cool, 
uid an oily matter which was completely solohlo in cuk! alcohol ; these ftts differed, 

however, from those of the blood in not containing phosphorus, which was proved by 
their yielding an alkaline, instead of an acid ash on incUieialioti. The albuminous 
matter was not of the dead white colour observed in that obtained from pure chyle, 
owing, doubtless, to the contents of the thoracic duct containing a coosideniUe pra« 
portion of lymph. On incinerating this albumen, an ash was obtained, contuning 
phosphate of lime and traces of oxide of iron. The whole of the spontaneously 
coag^ulable albumen or fibrin*, which prespnted itself as clot in part of this chyle, is 
estimated as albuminous matter In this analysis, as it was found qnite impossible to 
separate it witliout considerable loss, and the cuugulum was very slight and broltc 
down very rapidly. 

Ilie-aqueous and alcoholic extractives mentioned in this aaalysb agreed in most 

respects in chemical characters with those obtained from the blood, with the recep- 
tion that the aqueous extractive yielded a ferruginous ash, which is never the case 
with that principle as procured from the blood. I have ascertiiiued by experiment 
that pure chyle obtained from the lactcals of the Ass yields an aqueous extractive 
omtalning iron; it is, th<»efore, to the chyle and not to the lymph that we owe 
this property of the aqueous extractive. The salts, obtained by indneration from 
the alcoholic extractive, yielded a larger proportion of alkaline carbonate than is 
obtained from the blood, indicating a larger proportion of an alkaline lactate in 
the contents of the thoracic duct. I have alluded to the dead white colour of the 
albuminous matter obtained from pure chyle, and stated that the admixture of lymph 
in the contents of the thoracic duct interfered with its developement in the allnunen 
obtained from the fluid tiie examination of which I have detailed. Some months ago 
I had an opportunity of tracing this effect to its true cause, namely the presence, in 
the chyle, of an opake whif ' nrt^anic matter identical with a substance existing as a 
constituent of the saliva, and wtiich appears to act an important part in the process of 
nutrition. I have obtained this animal substance on a former occasion in consider- 



• I have tliouglit It right to apply to fibrin the term «pontnn'TMi»!v fTn;^,jt HlbtuoM, ||m ruf WHt ohllf 
vattou* of LiXBie uid others haTing ahoMm it to be chemically idcatical with albiuuea. 
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able quantity from tba cbyle of tbe Ass, and found it to exhibit peculiar cbafaeten, 
which I have described in tbe Medical Oaaette for Jannary 1, 1841, to wbtcb I may 

refer ulso for a comparative analysis <rf the chyle and lymph of this vegetable fieeder. 
It has frequently been stated by observers, that chyle, when set riside to coagulate, 
assnmcs a pink colour if exposed to the air; this is stated to be the case by MC'llbb 
in the ciiyle from the thoracic duct of the Horse. My own observations do not agree 
with this statement : for flnid taken from the thoracic dact of tbe Dog, Ase, and Cat, as 
also that lately obtained from tbe human subject, showed no such change of coionr 
when under the conditions mentioned by M6u.br. There were,indeed,a few blood<eor- 
puscles to he seen by microscopic examination ; but tiiese were so few in number and 
so divided as not to manifest tlieir colour, and were, I have no doubt, taken up by the 
divided mouths of some of the abt»orbent^ which emptied thea)selves into tlie tiioracic 
duct during the period occupied by us in obtaining its contents. Mr. Samubl Lani 
was, I believe^ the lint otMerver who traced the esdstence of tbe blood^orpuscle in 
the chyle to its true cause, and showed that chyle might be procured free from such 
contamination, if the contents of the thoracic duct were speedily obtained. I have 
had occasion in this analysis to verify my former views concerning the cause of the 
white colour of the chyle, which 1 feel confident is chiefly attributable to its contain- 
ing the opaice white salivary matter as a constituent. This substance is always, 
however, mixed ^th a certain proportion of iatty matter. It may be obtiuned from 
chyle by agitation with ether ; when we find it to subside through the eUier, and to 
float on the surface of the chyle which ban now become cleared. 

The microscopic examination of human chyle has been much neglected. From 
the appearances olraerved in tbe specimen lately obtained, I am enabled to btute 
that its corpuscles are of the same description as those In the chyle of purely animal 
and vegetable feeders. They consist of two classes, viz. — I . Larger spheroidal bodies, 
varying in size, but for the most part larger than the blood-corpuscles, scmitranspa- 
rent, and granular on the surface. The lar^-est of these corpuscles are nearly twice 
the diameter of those of tbe blood. 2. Miuute granules varying in size from about 
-^th the diameter of the blood-corpuscle to a size whidh scarcely admits of tbeir 
being semi, except by the aid of a perfect light and a microscope capable of magni- 
fying to abont 7»0 diameters, when they appear tu form a kind of back*ground on 
which ai"e seen the larger corpuscles first noticed. These g:ranulcs have been de- 
jsoribed by %rrs.>rs. Lane and Gulliver as existinf^ in the chyle of animals. Mr. 
Lane has likevvise described a molecular motion in them, which i have had occa* 
alon to verify. Besides tliese corpuscles and granules we also detect fatty globules 
in tbe chyle, vaiying greatly in sise. If we compare the analysis I have given of tbe 
contents of thetiiorBcic dnctirith the analysis of the blood, wc cannot fail to be 
struck with the very grvnt excess of fatty matter existing in the former. We have 
a hivge quantity of an hydrocarbonous ingredient constantly entering the blood, 
and becoming consumed with great rapidity, as proved by the small percentage 
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of fatty matter coatiuned in the mass of blood. Whether this hydrocarbunuus 
matter is eshaled 1^ the lui^ and ikin in the form of water and oarbonic acid, or 
vbether, on the contraiy, an abmptkm of nitrofen and oxygen oocnrs in the process 

of respiration, so as to convert the fat of the chyle into albnminoas matters for the 

purposes of secretion and nutrition, is not yet determined ; many circumstances, how- 
ever, seem to favour the latter virw ; thus, the chyle of an anitnal fed on beans and 
oats, substances very different in quality irum tatty matters, is found to contain a very 
large proportion ct fat, destined, no doubt, for some iieefal purpose of. the animal 
economy, and which would scarcely be produced firom aliment in order to be sub- 
jected to a direct process of excretion. The proportion of " extractive matter solnbit 
in water and alcohol" or osmazome, will be found greatly to exceed the amount of 
that principle contained in the blood ; agreeing well with what we know concerning 
the universal distribution of this substance as a constituent of the soft parts of the 
human frame. 
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VI. Report & remarkaiUe tpfearance of the Aurora Borealis below the Clauds. 
% <Ac Me», Jamm FMaqmuMmt, LLM^ FMJ^ Mmuter <if the Pmuk of Jffird, 

RcMived Maidh 17.<-4tMd April 14, 184S. 

.FOfW, Fehruary 24, 1842. — Saw, at 11 P.M., a remarkable aurora borralia, 
between tlie ubserver and lofty stratus clouds. The density of the clouds, the 
great briUiaocy of the meteor, its consitovbie continnanoe, its renewed display, and 
the extent of space it ocoupied, left no doubt of the reality of the pboomeoon. 

After a day, during which the whole heavens had been nuwtly ihronded by a nni-. 
form cloud, with a gentle wind atN.W., the sky, after stinset, became partially clear ; 
and the thermometer descended to 34°, with calm. Barometer 28 89 incLes. At 1 1 
p.if. a very brilliant display of pencils of aurora (streamers) was seen at W. by S., 
la a Smited space aboat broad, and 16** or 20° high, a little above the visible 
faorison; and a separated display of tbe aam^ mocb wider, and of nearly the same 
height, but not quite so brUllant, in another limited space at N.W. It was instandy 
seen that in both spaces the bright meteor was between the eye and lofty stratu* 
clouds. These clouds extended in long parallel belts, some of them 10'^ or 15° 
broad, some broader, with narrow intervals of clear sky between them, in a direc- 
tion from N.W. to S.R This arrangement was dearly seen in all the western part 
of Ibe sky, all^ngh there existed nnder these donds thinner fleecy irregular one^ 
which here and there obscnred it for short distances. These lower irr^ular clouds 
prevailed more in the eastern part of the sky ; but there, also, the arrangement of the 
belts of stratus was recognised through their intervals. One of the irregular thin 
cloads lay over the moon, then nearly south, and nearly at full ; and its consistency 
was snch as to obscure the dark ^aoes on \kw dis(^ although not its circular outline. 
The lofty stratus donds, were, iu some parts at least, of much denser conristeniqr ; 
as was proved by their totally obscuring some very briUiant fiUUog Stars, wbich 
pessed hf-hind t\n'm, US will be ufterward.s described. 

The exhibition of pencils of aurora at the W. by IS. space was of unusual brilliancy, 
and the coruscations iucessant, as they brightened up, and faded, and suddenly dis- 
appeared, and were renewed, succesrivdy. The colour at the lower extremity waa a 
Uvdy minium red, but only for a short way up ; the nj^ter part bdng of the common 
greenish yellow. Tb^ Crossed, angularly, the lofty cloud nearest to the westeni 
horizon, whirh was narrow, and were clearly seen upon its face, and stretching 
their extremities into the clear sltv on each side of it. Even the feeblest of them 
maintained its continuity and it^i peculiar tioge of colour, over both the thinner 
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edges, and denier middle part of the stratus. About five minutes after it wu lint 

seen, this aurora became extinct ; but in the course of three or four minutes was 
suddenly renewed, with a sHg^ht shift to the southward, in as great or e^'en gri-eater 
(•rilliancy. In the mean time, tlie aurora at the N.W. space exhibited like appear- 
ances, and colours ; red at the lower extremities of the brilliant pencils^ and greenish 
yelloir upinuds. The space here occupied by the pencils, or streamers, was much 
broader, and the lights less condensed into one places disappearing in some compart* 
inents and extending to others alternately. Tbey played over several belts of the 
stratus clouds, and intervening clear spaces of sky ; and were seen, without diminu- 
tion of lustre or ohanfi;e of tinge, on the face of the former. At Ijoth sides of this 
space, there were suuie of the tliiu irregular lower clouds, behind which some of the 
pendls passed, sometimes at one or other of thdr extremities, som^mes at their 
middle part. In snch cases their continuity instantly disappeared $ for although 
the light of the more brilliant ones shone throi^ these doods, it fras only ui a white 
nel)tdous form, without any parallelism of rays, as seen in the pencils when not so 
ob&etired. 

About twenty luiuutes after the aurora was first seen, dense clouds with curled 
edges were rather quickly formed over both the qiaces occupied by it, of larger ex- 
tent than they were ; and although the olwemitions were oonUnned till half-past 

twelve o'clock, the meteor was not again seen in the same spaces ; but about a quarter 
rM clvc o'clock, a comparatively small space of bright nebulous aurora, without 
defined pencils, was seen %'ery near the horizon at VV.N.VV. Thai too disappeared ; 
and in the mean time the clouds in alt parts of the sky by degrees dissolved ; the lofty 
Stratus ones more slowly than the others. At half-past twelve o'clock, only a few 
remained at the 8.E., when the observations were discontinued. 

During the continuance of the aurora, two bright shooting stars descended above 
the space at N.W., in paths parallel to the streamers, that is to the dippinir-needle. 
They were of slow motion, and became invisible when passing over the bf It- >t stiatun 
clouds, but emerged again after passing them. At a quarter to twehe o\:lock, a 
shooting star, as large as Venus at her greatest elongation, shot liroro near the senith 
a little to the eastward of tbe magnetic meridian, and descended in a path parallel to 
that circle, disappearing while passing behind some stratus clouds, but not quite 
whi!( fining so behind some \aw irregular ones, that lay in its course. Its motion 
wixs blow, and fitfully interrupted. 

fliAruary 2&fit— Clear sky in tbe morning. Unusually abundant spioilse d hoar 
fiost over all the gruund, and whitening tbe hills to thdr summits, like a shower of 
si|ow. Register thermometer through tbe night at 2SP. 
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BmM Dwmber 8»— Read DMember 16. IMl. 

There is scarcely any term so generally used in the description of animal or 
vegetable tissue. a« the term fibre. If this serves to show the universal pioscnce of 
fibre, it also iadiuatcs tlie importance of having a correct notion of its structure. 
On this subject, however, physiologists differ widely : some believing fibre to be com- 
posed of globates, while otiiere maiatidii that no g^otralea can be discerned in it. 

My investigations hiife led me to adopt neither of these views. Shonld the obser- 
vations that I have to communicate be found deserving of attention, it will be owing 
to my having carefully examined the structure of fibre in the course of its formation, 
begiuning with the very earliest stage. At this period, I bad to deal with an obj^t 
of coottdembte ^ze ; the form of which, thetefore, cmild be dniimitij seen : and by 
tracing the netaraorphoseB of the Uurg& and parent fibre, I was enabled to see in the 
minute succeeding ones a structure, which I tliink would not otlierwise liave been 
discerned. Wp may hereafter see the cause of the difference in opinion regarding 
the structure of fibre. 

The present memoir, though devoted to the investigation of fibre, h in fact a con- 
tinuation of those which I have already oommanicated to tlie Society on the Corpus- 
cles of the Blood 

Fnrmtttton of a Flat FUamoit within tin- Bfood-corpusrfc — Structure uf this Fila- 
ment. — Presence of a Fiiament having the same appearance in the Coagulum qf 
Bkoii as wM aim the Tttntet gtmnlly, of both Ammdt a»d PAm<v.— 7%w Hat 
FUammt is what is wttalfytemedm** Fibre,*' 

U In the mature bloodHSorpuscle (red blood^lisc), there is often to be seen a flat 
filament or band already formed within the corpuscle. In Mammalia, including 
Man (Plate V. figs. 4, 1, 2), this filament frcfuicntly annular; sometimes the ring 
is divided at a certain part ; and sometimes one extremity overlaps the other. In 
Uirds (fig. a.), Amphibia (figs. 8, 9, 10, 11), and Fishes (figs. 12, 13), the filament is 
of snch length as to be coiled. 

2. This fibmoit is formed of the dtecs contained within the blood-eorpoade. In 
Mammal!>, the discs entering into its formation are so few as to forma single ring; 
whence the biconcave form of the corpuscle in this class, and the often annular form 

t Put 1. PhilosophicBl 'rreiuactiou, 1840. p. 59», Ftet n. FbShwpknA • fa im c lMiB ^ tUh y. »L 
|>Wt III. Pliil(wo|ihkal Tnnaactioiu. 1841, p. 217. 
MDOCCXUI. H 
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of the filament it produces. In the other Vertebrata, the discs contained within the 
blood-corpuscle ai« too namerons-^ for siicb a ring ; therefore tbeir arrangement 
forms a coil. At tbe outer port of this coil, tbe filament (already stated to be flat) 
is often on its edge (figs. 10, 11, 12), from which arises a greater thickness of the 
corpuscle, and the appearance it has of being^ cut off ril>r(TptIy at this part ; while in 
the centre, there Is generally the unappropriated portion of a nucleus (figs. 8, 10) : 
whence the central eminence, aroand which there appears a depression in those cor- 
puscles that, from the above cause, have the edge thickened. 

3. The nncteus of the blood-oorpuscle in some instances resembles a ball ot twim, 
being artnally composed, ;it Its outer part, of a coiled filament (fig. 10 ft, y). 

4. Such of the Iiivor tebnita as I have eicamined (figs. 14, 15), likewise present tbe 
blood-corpuscle passing into a coil. 

i, Aoetw acid diswdves the part most advanced, leaving the newest part behind. 
This acoonnts for the figures accompanying my Fart II. on the Corpuscles of tbe 
BloodI, rq»resenting corpuscles of Birds, Amphibia, and Fishes, from which the 
filament in question, or its elements, had been rcmovefl hy this reagent. 

6. The filament thus formed within the blood-corpnsele, has a structure which is 
very remarkable (see the figures just referred to). It is not only tiat, but deeply 
grooved on both snrfiues ; being thereby thinner in the middle than at the edges. 
The edges are rounded : and when seen on its edge, the filament at first sight seems 
to consist of segments. It is important, however, to observe, that the line sepa^ 
rating the apparent segments from one another, is not directly transverse, but oblique 

(see fiw-. 0 y). 

/. Of course the structure of an object t>o minute, cunuot be seen without a very 
high magnifying power, and a good light. And It may be here remaiked, that in 
the researches forming the subject of this paper, I have generally added dilute spirit 
(sp. gr. about 0'940), containing about v^th of corrosive sublimate^. 

8. It h deserving of notice, — in tbe first place, that portions of the coagulum of blood 
sometimes consist of filaments having a structure identical with that of the filament 
formed within the blood-corpusck ; secondly, that, In the cosgulnm, I have noticed 
the ring formed in the hlood-corpuscle of Man (fig. 4), and tbe coil formed in that 
of Birds (fig. C}) and Reptiles, unuinding^ themselves into the straii^ht and often 
parallel filaments of the eo;ignlnm, — chanf,a-s which may be also seen takin-,' place 
in blood placed under the microscope before its coagulation ; thirdly, that 1 have 
noticed similar colls strewn through the field of view (figs. 7, 17), when examining 
various tissues, — the coils here also appearing to be altered bhiod-corpiiscles, and 

t Philoaophiod Tnuusactioiu, 1841, PI. XVIIL £g&. 32 y, 54 c. In all vertebnted anin&ls the jFMny blood- 
cwpuide n a amte Ak, iridi a dqmniaik in flw ceatm. In MMniiwKw it continues of thisfemi wUkia 

the other Vertebrata it bcmmp-i n rit'HpntH rrll, { L. < ., PI. X^TI!. 

$ For tlie examination of certain tiwues, especially muscle, i have aince oted chromic acid — sp. gr. about 1*050. 
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unwinding ; lastly, that fflamento hmving 1^ sum ftmcfnre u liie foregoing, are to 
be met with apparently in every tlmie of tbe Irady. 

9. I proceed to enumerate tbe parte in which I have observed tbe same kind of 

filaments ; u'ithont stopping' to point out peciiJiarities in their size or in their mode 
of combinutiou in the various parts. Future ol)scrvers w ill find, that while in some 
ports they have coalesced to produce a mtinhrane, have themselves passed into 
tobee, or are otiierwiee rendered indiMinct, tbcy retain tbeir form remackably, 
hemg loraetiaies croeied in varioui directions, or at other timei lying parallel. 
Some remarks on this subject will be found in the explanation of the figures, as 
for instance in that of the cornea (fig-. 91). The parts in which 1 have notircd the 
filaments in question are these: the cortical and medullary substance of Imtli the 
cerebrum and cerebellum, the spinal chord, tlie optic nerve and retina, the uituc- 
tory and anditoiy nerTei» nerrei conneeted with tbe spinal chord, voluntary and 
involuntary muscle, (tbe latter indnding tbe muscle in all parts of tbe alimentary 
canal, and the Fallopian tube and uterus, as well as blood-^vessds, the iris and the 
heart), tendon, elastic tissue, cellular an'l fttty tissue, serous membranes (peri- 
toneara, pericardium, and arachnoid meiiiltrane), various parts of the so-called 
mucous membrane -f-, the lining membrane uf llie iarge blood-vessels and tbe valve 
of a large vein, the skin, tbe dura mater and the sheath of the spinal chord, liga- 
ment, the gums and palate, tbe stroma of tbe ovary, tbe testis and tbe walls of 
tbe vas deferens, the kidney and ureter, the l I^hs as well as the corpus spongio- 
sum and corpus cavernosnm penis, tl»e coats of the gnll-bladdcr and of the cystic 
duct, the pancreas, the liver. I found them along with the nmrrow from a bone ; be- 
tween the rings of the trachea, as well as in the substance of tbe lungs, and the gills 
of tbe eommon HI ossel ; in the parenehyma of the spleen, the lachrymal gland, the 
selerotie coat of tbe eye, the oonjunctira, the cornea, the membrane of the vitreous 
humour, the capsule of the crystalline lens, the lens itself, the cartilage of the ear 
and cartilage of bone, bone itself, the perio.steum, the claw of flie Bird, the shell- 
membrane of the egg, substance conaecting the ova of the (Jrab, silk, hair, the 
incipient Aather, the feather-like objects from the wing of tbe Butterfly and Gnat, 
and the Spldei's wd>. These are the principal of the animal structures in which I 
liave found filaments such as those alyove described. 

10. Of phmts, I subjected to microscopic examination the root, stem, leaf-stalk 
and leaf, besides the several parts of the dower: and in no instance where a fibrous 
tissue existed, did 1 fail to find filaments of tbe same kind. This was in the Phane- 
rogamia. On siriisequently examining portions indiserimhmtdy taken from Ferns, 
Mosses, Fungi, Licfaois, and several of the marine Algas, I met with an equally 
general distribution of the same kind of filaments. 

11. Tbe flat filament seen by me in all these structures, of both animahi and 

t I wwft«aiknttiiitBlHnB«iftiif ilmiluwiiii«Rtbo?miortlMG^ 

Rabbit. 

N 2 
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plants, 11 that usually deaomiitated a fibre." And the appearance of the filament 
In all the strncturca mcntimied, was essentially sueh as that delineated in the fignna 
above referred to : an appearance which I have never hefbre seen represented as that 

of " fibre " 

12. Most of tbe figures which accompany the memoir present filaments, having 
the appearance in question. It will be seen to l>e precisely such as that of the filament 
formed within the corpuscle of the blood. We know that discoid corpuscles drcahle 

in plants ; and it remains to be seen whether filaments are not formed in these. 

The foi e^^uiiig facts, I think, indicate the necessity in physiological research, of not 
resting satisfied with mere opinion, though etnanatinf,' from so high an authority as 
Hunter i who supposed the corpuscles to be "the least important portion of the 
blood.*' 

Stnicture of the Fiat Filament (" Fibre") more partlctilarlif ituteitigated. 

13. We have liitherto viewed the object called by me a flat fihment, only in some 
of its minutest forms. These arc sufficient to show that it is a compound structure. 
But in order to become more particularly acquainted with this structure, it is requi- 
Hte to trace the filament into similar objecCs of lai^ger siae. For this purpose, it will 
be sulldent to examine successivefy the following figores, from nervous sobstance» 
from muscle, and from the ccystalline lens: namely, figs. 117 13, 116 ^, 114 13, 
62, 53,92, 36, 54, 84, 131. 

14. I have attempted in fig. 55. to represent what has appeared to me to hf the 
structure of the objects in the figures now referred to. Here (in fig. 55) we find two 
spirals, running in oppotite directions, and interlacing at a certain point (•),ia every 
wind. This arrangement gives to the ratire object a gnofvtd appearance and a 
flattened form. It is in fact the structui'c which, for want of a better term, I have 
called a flat filament. The edge of this filament (figs. 1 I I /5, ^0 y, 62) presents wliut 
at first sight seem like segments, but which in reality are tlie consecutive curves of a 
spiral thread. A traiis\erse section of such uu object is rudely represented by the 
i^re 8. Tbis is precisely the appearance presented also by the minntest filament 
or '* fibre and I particularly refer to the obliqae direction of tbe line separating the 
apparent segments in the smaller filament (fig. 9 y), in connection with the obliqoe 
direction of the spaces between the curves of the spiral threads in the larj^er one. 

l.'j. In further proof of identity in the structure of the larger and the smaller fila- 
ments, it may be mentioned that I have seen fihiments of minute size to enlarge, and 
give origin In their interior to other fikments (fig. 181). 

16. We shall hereafter find that there is a tendency in these filaments to become 
membranous at the surface (par. G2). Hence it appears to be, that, very often when 
the flattened form of the filament and its groovpd middle part are distinctly visible, 
no trace whatever of a crenate edge can be discerned. Tbis may serve to show the 
neoessi^ for extended observation, before investigators come to a conclusion as to 
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the existence of filaments, such aa those I have described. And here they should be 
apprised, that the fihunenta are sometimes exceedingly minute. Sueh mt their condU 
tion, for instance, in tendon. In bone also, from which the phospliate of lime had been 

removed (by muriatic acid), I found them exceedingly minute. The varying appear- 
ance of the edges of the filament, just referred to. nifiy assist to explain why some 
have believed " fi^bre " to consist of globules ; wiiile ottiers have maintained that no 
globules can be discerned in it. 

The Spir<U Form Oi general in Animals as in Plants — UnivermiHtj f —ami Earljf 

yippearancc of (he Spiral Form. 

17- It is known that vegetable tissue presents, in somi' jydTt<, u feature which has 
heretofore seemed wanting, or nearly so, in that of aniiuali> — the spirai form, i 
venture to believe that aome appeanuwet met wUb in mj inveatigaliona go §w 
towards supplying this deiciency. These appearanoes will be found represented In 

the nervous tissue (Plates VI., VIII., IX.), in muscle (Plates VI., VII., VIII., IX.), in 
minute l>lood-vc'ssels (fig. 16), and in the crystalline lens 131). If indeed the 
view above iiientioued — that the larg^er and (lie smaller titameuts have the same 
sU'ucture — be correct, it follows that spirals are much more general in plants thcm- 
eelves tlian has been hitherto supposed. Spirals wonld fhm appear, in fact, to be 
as universal as a " fibrous** stmctnre. 

18. The tendency to the spiral form manUiestS itsdf vecy early. Of this the most 
important instance is alTorded by the corpuscle of the blood, as above described, i 
have also obtained an interesting^ proof of it in cartilage from the ear of a rabbit 
(figs. 1^3 tu 13G), where the iiucicuii, lying loose in lis uell, resembled a ball of 
twine : being actually compoeed, at its outer part, like the nudei of certain blood- 
eorpuseleS) of a coiled filament ; wbieh it was giving off to weave the cell->wall s 
this cell-wall being noMher than the last formed portion of what is termed the inter- 
cellular snhstancc — the essential part of cartilage. 

19. 1 think there is ground for believing, that the nucleus of the cell in cartilage, 
now compared to a ball of twine, is descended by fissiparous generation from the 
noelens of the bloodniorpueele ; which on a former occasion')' we saw to give the 
first origin to cartilage, for I have never seen the nucleos of a cell arise, except as 
part of a previously existing nucleus^. It is therefore interesting now to find in 
each the appearance which I have cnniparcd to a ball of twine: though it is not 
likely that cartilage is the only tissue to which the blood-corpuscle transmits the 
property in question. 

Mode of Origin of the Flat Filamtnt ('* Fibre") — lis Reproduction. 
90. It is known that, in order to the formatioa of certain fibrous tissoea, cells 

t PliiWojiliIciil Trunsacticns, IS41, PI. XXII. figs, llf.i— 122. 

X Some of the nuclii in the cella of cartilage in figs. 134, 135, were appanntlj uadergoisg divinoo. 
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apply themaelves to one anctber (fig. 28), to as to pnient the appeanmoe of a nedc 
hoe ; and tbat inbeequently, as tlie partitions between the cell^oavities are abeorbed» 

this necklace becomes a tube. It is supposed that the ultimate threads of the tissue 
arise within this tube. But on the subject of the particular mode of origin of these 
ultimate threads, I am not aware that we possess any published information, except 
that furnished by Schwann and Valentin ; the former having shown that a " secon- 
dary depodt** makes its appesranoe on the inner snrAuse of the wall of the tobe't', and 
the latter, that this dqtosit soon presents longitudinal threads $ which threads have 
sometimes the appearance of heing "composed of longitudinal rows of globules J." 
I do not find that any mention has hitherto been made of a second order of tubes, 
arising within the hrbt ur ])arent tube (par. 42). The results obtiuned by myself 
are hy no means ocmplete ; but may perhaps afford information that will serrc as a 
guide in future investigatioiis. 

31. Cells applied to one another in the above necklaoe-like manner, I formeily 
showed to become filled with discs If now fig. 26 y be referred to, such discs — or 
cells into which the dises have passed — vvil! be seen arran^'ed in lines, correspond ins? 
with the directiun of the forming tube. This figure was taken trom the mould ot 
cheese. Fig. 36 iNrasents an arrangement of the same kind, noticed in volmilaiy 
muscle. 

22. One of the purposes for which tliis linear direction occurs, sccms to be the pro* 

duction of smaller tnbes within the larj^er one (fig. 30) ; and anotiier purpose is ap- 
parently a peculiar arrangement of discs within the smaller tube. Such an arrange- 
ment is seen in figs. 45 to 48. In some of these, the discs hud become rings. The 
stnictnre of these t'mgn was such as to leare no donbt with me^ tiuA the same process 
was in operation as that prodocing the cbaoges, aboTc described, in cm-pusdcs of the 
blood. The blood-corpuscle (fi^^ 1/ a) passes from a mere disc into a ring y), 
and this ring into a coil (S, £, t). Now, with the rejrular arraneement of rmf^ seen at 
(t fig. 48, and with the analogy of the blood-corjtusck s just mentioned, it seems highly 
probable that every ring (hg. 4B a) becomes u coil, and that the extremities of coils 
in the same line onite, to form a spiral. I have to add, that a spiral (7) actually 
existed in this tube (fig. 48) in a line with the rings represented in tiie figure, 
having obviously been formed out of such rings : and I know of no way in which 
the transformation could have been efEected so easily and so naturally as that now 
described. 

26. The tube in question (fig. 48) presents, not merely one, but #100 spirals : and 
these two spirals interlace with one another. This interlacement seems to ezpldn 

t ScaWAKv, " Mikraakopiiche UntcfaadmngeD aber die Ucbeiein«tiw>iining in der Stniktur and dem 
WadwduB der Thiere tnul Pflsnxen." Tkb. IV. Sg. 3. 
t Vauhtin, in MClliu'is Archiv. IS40, p. 204. My ob aeimlhi i iM an cotiRly dilfatat fiiom thaw at 

VirTVTiT tu the office perfornicd by the nueleus of the cell. 
^ " Ou Ui& Corpiiscka of the iUood." Part Hi., i. c, p«r. 161. 
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liie lemirkable arningemeBt of tlie two Hnoi of ling* at «. For, daring the tnnd- 
thm (w I aoppow) of the riogs into coils, an interlaoement ia almost a neoMiaty oon> 

sequence of tbealtemato amoession of the rings. I have also seen this interlacement 
uf spirals provided for, apparently, by the rings of several lines lieing linlced together 
while still rings (fig. 4/ : see also fig. 120). 

24. Figure 48, from ita exhibiting only uqc side of the tube, represents but two rows 
of rings. The number of rows, however, omtidned in tin tube seemed lour: which 
of course would become connected in the above way, as easily as two; and give 
origin to a corresponding number of interlacing spirals. 

25. I cannot siippo^p tliat inimitcness is any hindrance to the S!n;!llf«r filament 
("fibre") having its origin % t/ie samv mndp- and tn this, the I'mear arrangement of 
the disc* within the blood-corpuscle seems to have especial reference-f. Facts will be 
liereafter mentioned, which seem to show a foMkvbu of filaments to be thus produced 
in a certain tissue (par. 43—44). 

26. Within the windings of the spirals (fig. 57 a), nuclei are sometimes to be dis- 
cenied. It appears to be from these nuclei that there proceeds the substance for 
forming new ftiaments (fig. 22) ; which are very often seen within the winds uf spirals 
<iigs. 131 fS, 94, S8). 

27* I bave in some instances oliswved the filaroenfts, wiien eidaiging', to present a 

remarkable change in the relative position of their spiral threads. If fig^. 40, 41 be 
referred to, it will he seen that a of fig. 40 passes into a of fig. 41, and the latter into 
^ of the same figure. The scheme fig. 60 may illustrate this transition. This scheme 
is merely an altered state of that in fig. 55. In each there are two spirals ; the dif- 
ference conning in the relative powtion of the spirals. T%e pdnta in contact at • 
fig. 55, have separated in fig. 60 («, «) ; so that now, a transverse section is no longer 
represented by the figure 8 (par. 14), but by a circle. This latter (fig. 60) seems 
to exhibit the relative position of the spirals, in some instances, when they he^'m to 
form, as will be hereafter shown, the membrane of a tube. Such appears to be their 
state in fig. 41. |3 : a state which apparently precedes the formation of the tubes in 
figs. 43, 43, and the subsequent figures in this Plate. 

Facts observed in the Formation and Structure of Nerve. 
2R. It is known that in the so-called '• primitive fibres" into which a nerve can be 
separated by means of needles, Remak demonstrated a " band-like axis;):," corre- 
sponding to the cylindrical axis of Purkinjb;^ " and that the substance surround- 
ing this ans, has been termed by Sohwanw, the white sabstance of the nervous 
fibre|.** This *' white substance" I find to consist of filaments (fig. 113 «, ^fig. 

t See my Rvt III. on tfie Cnnnudea of dae Blood. PliileM]iliiMl T^unwdont. 1841. Hito XVIII. 

figs. ."iS y. .'j4 t. 

; MOu.bb's Elements of Pbjaiolog)'. tnmtatcd by Dr. Bai.t, Fut VI. p. 1649. 
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102 a, |3, y), having the same structure as those constantly referred to in the pre- 
sent memoir. These fihuneat8> forming the wiiite substance of the nervous fibre, are 
often seen to be enrionsly interlaoed (fig. 102 y), w thoofh each filament had a spi- 
ral form. In other inatances their direction is more longitadinal (Ag. 119 «). 

29. Professor Mullkr justly says, "The great size of the so-named primitive iibrea 
of the nerves, as compared H-ith the minute elempnmry parts of muscles, the ccHalar 
and other tissues, excites a doubt as to whether the fibre contained in the nervous 
cylinder is really its most minute element'^." He states that " in fibres of the thick- 
ness of the ordinary primitive films, which Schwann examined in the mesentery of 
the Fvog, he saw other much finer filaments which issued from the larger Abre^** 
To the filaments seen by Schwann, I shall refer in a future paj;;c. Mi'llkh adds, that 
"Treviranus observed in several nervous eylinders streaks running longitudinally, 
and he even saw distinctly more minute elementary filaments in the so-called priini> 
five cylinders 

SO. The fibments noticed by TaaviaANvs, I think may have been the flat filaments 
in question. Bat these flat filaments, as we baye seen, have themsdves a oomponnd 

structure. 

31. It is very common to find the nerve-cylinder (" primitive fibre") drawn out to 
a point from manipulation, like the fasciculus of muscle, iytb remarks on tbc alter- 
ation of the spirals in the muscular fiudculu^ and on the oflice performed by the in* 
Testing membrane, in this change (par. 54). 

38. The filaments in fiisciculi from the optic (fig. I07),ol&etory (fig. 108),and audi- 
tory nerves, have appeared less tense than tli in the common spinal nerves ; and 
there has been a less tlecided appearance of membrane at the surface in the former. 

33. lu examining the substance of these soft nerves, as well as that of the brain 
and spinal chord, I have employed for the most part such as had been preserved in 
spirit : and, besides using eKtreroely minute portions, I have very often found it need- 
ful to avoid adding any covering whatever ; the weight of thin mica itself being sn^ 
ficient to rupture or to flatten it, and thus entirely prevent the structure from being 
seen. I have already stated it to have been my general practice in these examina^ 
tions, to add corrosive sublimate dissolved in dilute spirit (par. 7). 

34. In the substance of the brain and spinal chord, I have usually met with a very 
large nnmber of discs (fig. 17 |3), which from their colour, wse, and general appear- 
ance (corresponding in these respects with many of the eorf)useIes within the blood- 
vessels of the pia mater), seemed to he young corpuHcle8 of the blood. Along with 
these were rings (7) and coils of filaments {i, «, f), into which the discs appeared to 
pass. I have noticed similar rings in the auditory and optic nerves; ami eoil^ as 
wdl as rings, in the retina (fig. 18), these coils bemg of the colour of the blood-cor« 
puKle. Sometimes the coils (fig. 21) are very thick, and comparable to coils of rope. 

t Elements of PhftuAogJ, ttimliitad b}' Dr. Baly. Piirt III. p. 597. 
I Q«L pp. 587, 598. $ Had. p. 598. 
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36. The constant presence in these parts, of discs, rings, and coils, makes it diffi- 
cult to avoid connecting them with such objects as that in fig. 22 : the outer spiral 
in which, for instance, may represent un advanced state of coils like those in fig. 21. 
Spirals were praaent between « and |3 in fig. 22 ; but they bave not been deUneated. 

96. In 4g< 80 7, is A broad band-like taas, oonsiBting of dellcale longitadiiud 
filaments, and having filaments (|3) external to it j thcee li&ng SDrronnded by a 
spiral (a). The broad band-like axis (y), I think may correspond to that of Remak 
above referred to; the "while substance" of Schwann bein^ here represented by the 
filaments and a. 11, however, this analogy exists, my observatioua go farther even 
than RsHAK'e. Hie axit described by this obeenrer was found by bim to be sosoei^ 
tible of divisioB into filaments. 8o also is the one described by myself (fig. 80 y, 
81 jS, 85 But what I add is that each filament is a compound body, that en> 
larpes (fig-. 86), and, from analogy, may contain the elements of future stmctures^ 
iormed by division and subdivision to which no limits can be assigned. 

37. The filaments j3 in fig. 85, being of fiir minuter size than the so-called " pri- 
mitive fibre** of the nerves (figs. 103, 112 m, /3), I think it possible that the filaments 
referred to in a former page, as seen by Schwanm to proceed from one of the ordinary 
"primitive fibres" in the mesentery of the Frog, may have had a similar mode of origin. 

38. It has been already stated that the fihiments which I believe to constitute the 
white substance of nervous fibre," are often seen to be, not longitudinal, but curi- 
ously interlaced (f^. 108 y), as though each filament ran in a spiral direetioo. The 
appearance has been very much like what would be produced by an ekingation of the 
spfaials in fig. 60 (compare this with fig. 102 y), supposing many spirals to he pr^ 
sent instead of two. Now fi;;. GO, thougli ideal, represents, apparently, no more than 
an advanced state of the object fig. 22. In fig. 22 the spirals a and 'S mn hi oppoute 
directicm and were to have ultained the size of a, we should have hg. OU, with a 
central row of nndd for the production of other spirals, which spirals would make 
the resemblance to fig. lOS. y still more completcf*. 

39. The frequent interlacing (fig. 102 y), and apparently spiral direction, of the 
filaments in nerves, now referred to, seems the more deserving of attention, from my 
having found spirally directed filaments so very general in the retina, brain, and 
spinal chord (figs. 1 7 to 22, 72, 77, 80 to 82, 85, 99). Farther, I have noticed spirally 
directed fihunents, on being broken, to recoil (figs. 00, 81). Such a change in the 
"white substance," taking place within a tube, might produce varicosities; and those 
minute isolated masses, hitherto called granular, by which it has been usual to distin 
gulsh nerve. 

40. In the course of my investigations, I met with a curious object in the lachrymal 
gland, more resembling a nerve than any other structure, the appearance of which 

t A> already mentioned, there were cpiralg between a and |3 in fig. 22 ; which I bare not introduced. Tlwir 
pnMDee pvM u idditiaBd KtoilibMt to %. lOS 7. IVm tb* tbonraniniln.it ippMn lint* aMatte 
that in fig. 60 may lie pradned in tm mji. 8t» par. 97- 
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I am Boqoiuiited with. This body, sketched in fig. 1 18» was compoied of flat filaoieDti 

(P, '/), and had a loop-like termination* to the very extremity of which, — that is, into 
the loop itself, — the filaments in question were continued, and wtiieh indeed they 
formed. Nothing was seen in thi« object besides filaments, lon<(itu(liiial and spiral, 
for no membranous covering could be discerned. A remarkable crossing ut the fila- 
mentsof opposite rides (»), was noticed between the trunk of tlus object and its loop. 

Facts observrd m the. Formation and Structwe of Muscle. 

41. In May 1840, I offered to the Society some remarks on the origin of muscle-f", 
in which it was mentioned that I was then unable to state the mode of formation of 
the fibrillte within the cylinder. Subsequent observations, to be presently detailed, 
seem to throw some light upon that subject In the mean time, however, a memoir 
by W. Bowman has been read, On the Minate Stractnre and Movements of Volan^ 
tary Muscle j;." This circumstance would have inclioed me not to return to the sub- 
ject, but for its essential connection with researches previously begun hy Thyself; 
namely, those "on the Corpuscles of the Blood :" and in recording the results, 1 per- 
ceive with regret that in the main points they are at variance with the observations 
of tiie author jnst mentioned. 

49. The amingement of cells into a neckhwe-like object, has been referred to in a 
former page (par. 20) : and though I have delineated cells in this state in two previous 
memoirs^, they are sketched in outline in the present paper, fig. 28 ; which represents 
cells derived from bluud-<:orpuscles of the Frog. These corpuscles or cells were 
filled mth discs (fig. 29), arisen ont of the mclei of the cells. On the disappearance 
of the segia between the cells, there is formed a tube. In early stages, this tube be- 
oomes broken, by manipulation, into fragments (fig. 30) ; which fragments represent, 
apparently, ;in nlffied state of tiie original cells. Within the tube there arise other 
tabes (see tlie loluinns in tig. 'M), having their origin in the discs with which the 
original celU were iillcd. These inner or second tubes (figs. 32, 33) are met with in 
after stages, no longer breaking transversely into fragments, but easily separating in 
a longitudinal direction. Within these second tubes are nudd (figs. 42 to 44 «)^ 
which divide, subdivide (fig. 43) ||, and give origin to discs. The discs fill the tube, 
arranging themselves with curious regularity (fig. 44 /3), and in a manner similar to 
that represented by me in the Philosophical Transactions for 1841^, as the state of 
blood-red discs in tubes at the edge of the crystalline lens. These discs appear to 
undeigo changes like those passed through by tb«r progenitors, the corpuscles of the 

t In my intpaiier oa tbe Cofpuele* of the Blood, L c, p. 605. 

I PUlompliied TkmnetiMM, 1S40, p. 4S7. 

f Flukwophidd Traiuwetian, ISMl. Fkte XXX. figa. 14— 17 ; 1S41. Tlutc XXIIl. figa. 135, 186. < 

II We thus &nd the same procen is operation here, which I fonneily dmri^r* M takiiif phro ia tlw w. 
called " primary" ccU, — namely, divuioo of the nudeiu. 

5 Fbte. XXir. flfk 14S^14S. 
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blood: ibvy bocomo ringB (llg. 48 «)} die rings pan into omb; and thecdis tudio, 
thus forming spiralB (y). The adjacent spiral* inleriace, from the peculiar anonge- 

raent, in relation to one another, of tfie vows of rings (par. 23). In the space 
circuiDfecribed by the windings of these interlaced spirals, smaller spirals have their 
origin ; these io turn give origin to others ; and so on. An example of this, in a later 
stage, is affinded by iig. 5S. Here, « represent* the outer or birger spirab; and /3 
the sitoatiOT of the inner or raialler ones. The outer apinls gndnally disafipear, <y 
entering into the formation of the common t'nvejiii^'fiMai&mtf discovered by Schwann, 
and in its torrtifd stnrevpell described by Bowman, who proposes to dcnoininnto it the 
" sarcoleamia-j-." This may perhaps explain the mode of origin of the darker of the 
lon^ttidinal striae, three of which are represented in fig. G3 (|3, (3, /3) : these being ap- 
parently the ^tuatlons of membranous partitions or M;p/a (par. 53), passing into the 
Interior of tlte findeulus from the common investing membrane. 

43. The prooeas just mentioned, of smaller spirals arising in the space circumscribed 
by the larger ones, with the gradual disappearance of the latter, seems to be conti- 
nued in later stages^. The number of the spiralis becomes coatiaually gi^ter, and 
their size more and more minute (figs. 95. 58, 65), until they reach the number and 
mburtenees represented in figs. 96, 63 : and they attab even a smaller die. ' 

44. The outer spirals bang formed of tlie outer or ring-like portions of the discs 
(fig. 48 «), the inner spirals appear to have their origin in the inner part, or nucleus 
of these discs : and when the inner spirals ia their turn enlarge, and new ones form 
in then mterior, the origin of the new spirals, also, seems to take place in the line of 
continually ra w va t ed nadd i and so on. 

45. Fig. 63. presents a state of ^ muscle-fasciculus, in which it contains what is 
df-nnminated the " fibril," of a very minute, tliough not the minutest sizp This 
" lil iil" is no other than a state of the object which 1 have called a flat tilaincnt: 
and wtiich, us ue have seen, in a conipouaU structure. The figure (fig. 55) and de- 
scription (par. 1 4) by whidi I have endeavoured to expfaun the stmcture of the fila* 
meat, are eapectadly appEcable to the muscular « ilbril." This *'fibril* I find to be, 
not round and beaded, as it has been supposed, but a flat and grooved filament, con- 
sisting of two spiral threads, running in opposite directions, and interla< insr at a cer- 
tain point (a fig. 55) in every wind. A transverse section of this filament, as before 
mentioned, is rudely represented by the figure 8 

t BcHWAinrhthedbcowwrcf ttkiM«ii!siiiiB; ImtveimbdcfatadtDBinniAir ftr Ike onfy complete 4»- 
Mription hitherto given of it io a foinediliite. Iteaodtof <Nigialw«l«w,o«tQftpml%nfBrll^ 

4e»cnT>ei:I In the present memoir. 
; in young fiuGicali I have noticed a tiawene i{Mce to extend £ur into the iatatiw; which i> not the cm 

Farmntion of inner and emaller ones. 

i I have often aeen a filament (" fibhl ") becoming a /a$ciaUvt (par. 44). See figa. S6, £7, M, 64 y. En- 
tepd lilnnii m vdl iMB in bHit nf fliB Tmdt. 
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46. Thb flat ffiMnent is lo situated in the findcolin of vdimtBiy miiacl^ ai to pra> 
lent itg edge to the observer (fig. 62) ; the curves of 0DI7 one of its two spinis being 

seen. After removal, also, from the fasciculus, the filament very frequently lies, more 
or less, upon its ed^'e. It seems to liave been the appearance presented by the edge 
of this filament — that is to say, by the curves of a spimi thread, — thai suggested to 
ScBVAMN the idea of lonpto^oal bead-fike whtgeaNots of the fibril, as producing 
itriB in the fiiseieulas of volontary mnsele. 

47. In my opinion, the dark longUmSiml striae are spaces (probably occupied by a 
lubricatin^K- fluid) between tlie edges of flat filaments, each filament being composed 
of two spiral threads : and the dark irun^efne striic, tows of spaces between the 
curves of these spiral threads. If the dark loogitudiiial slrise are spaces between the 
edgea of flat filaments^ it fiftHows that the Ught ton^todinal striae are the edges them- 
selves of these filaments. And if the dark traiwrcrse stritt are rows of spaces betireen 
the curves of spiral threads, the light transverse strim are of coarse the visible por> 
tions themselves of these spiral threads. 

48. I repeat, that the longitudinal filament in the fasciculus of muscle, appears to 
be composed of two spiral tbreadt>, only one of which is seen, from the edge of the 
filament bang directed towarfis the observer. This fihunent, or its edg^ seems to 
oonrespond to VMprauiwe marked thread of Fomtama; to the jfrimiiiae jGbre of Va- 
lentin, and Schwann ; to the marked ^lament of Skey ; to the elemetUartf ^bre of 
Mandi. ; to the beaded ftht-U of Schwann, Muiabs, Lauth, and Bowman ; and to the 
gramtiar^re of Gerber. 

49. In the Philosophical Transactions for 1840 (p. 605), I suggested that, were the 
nndens of the blood-corposde the seat of changes snob as I had witnessed and de- 
aeribed in other cells, the nucleus might produce the muscnlar fibril. The foregoing 
observations show that the conjecture then oflfered has been realised: but, I most 
add, in a most unexpected manner. 

iO. The chief physiological inferences dedncible from a spiral form of the finest 
threads of muscle, will I think be obvious. At all events, it would be prematare for 

me to introduce remarks on this subjec t ut any length, before my researches are con- 
firmed by those of other observers. Yet there are two or three oonclusiottS that 
seem culled for, in connection with the foiTp)irif^ facts. 

51. £very one knows that in proportion as a spii-ai h .stiortcncd, the spaces between 
the curves of the spiral are made smaller, and the diameter of the spiral expands : 
while, in proportion as the spiral is lengthened, as by removing further asnnder its 
two ends, the spaces between the curves of the spiral arc made greater, and the dia^ 
meter of the spiral is diminished. This may serve to illustrate what fakes place in a 
muHcle ; which is no other than a vast bundle of spirals : showing that the muscle in 
contmclion should be short and thick ; while upon the other hand, in relaxation it 
sbonM be long and thin (compare a and /3 in fig. 66). 

fe.l i t 
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6S. A fiatkenin; of "segments" or "particla** in the contraction of miMcle'f, 
thenfbfe, nenw not to be required : and indeed I tiave in no instance met with aef - 

ments or particles, vliich could undergo this change in form. But fig. 66. affords 
proof that the chane;e contended for really talvcs place; this figtiro exhibitinf^ the ap- 
pearance of two parts of the same fasciculus, that were actually seen ; the one, a, being 
in a contracted, and tlie uthei, p, in a relaxed state : and the diiference between these 
two conditions, was seen to resnlt from a diflbrenoe in the direction of the spifab. 
At one part, «, the ftBcicnlas being shortened, the spacet (stria:) between tin cnrvcs 
of the spirals were made smaller, and the fasciculus was thick. At the part /3, the 
fasciculus being lengthened, rhe spaces (striie) between the curves of the spirals were 
made greater, and the taficiculus was thin. 

53. The edges of the flat filaments ('*fibriU«e*) in vobmtary muscle bdng directed 
towards the oheerver, tlie flat lurfeces of these filaments are in contact with one an- 
other (except where septa int^ene, par. 43). And those parts of the spirals of two 
filainentf?, so in contact, fit togetlier with the most perfect exactness and reguhirity, 
appearing to overlap one another, as viewed in silu. The adjacent parts of si)irals 
thus glide harmoniously into a ctiuuge of place. It will be seen that the view of a 
recent anthor, in regard to " segments/' was of this kind t but then tw found it need- 
M 10 suppose adhesion of the segments in some way to one anotherj^ And he 8p> 
pears to have figured as bead-like segments^, what I consider the overiapping parts 
of spiral threads. 

53^. Many of the drawings that accompany the memoir (figs. 58, 59, 65, 93 — 95) 
show that there are states uf voluntary muscle, in which the longitudinal filaments 

fibrilke ") take no part in prodndng the transverse striae s these strise being earned 
1^ the windings of spirals, wNihln wMeh very minnte bundles of longitudinal filaments 
are contained and have their origin. The spirals are interlaced (fig. 64 a, ^, 7). When 
mature, they are flat and grooved filaments, having the compound structure above de- 
scribed. With the shortening of the longitudinal filaments ("fibrillie") in muscular 
contraction, the surrounding spirals — and of course the strise — become elongated and 
narrow: while in relaxation, these changes are reversed. The convoluted fi]a> 
ments" regarded by GtaBBn as ** enigmatical H," were evidently no other than dis- 
torted spirals^. 

54. The spiral form of the nltimatc threads of muscle, above described, will I think 
elucidate several facts already known, but as it appears to me, not satisfactorily ex- 
plained. Thus, fi»r instance, combined as I find these spiral threads of muscle, and 
situated one within the other, there cannot wdl 1»e much diflferenoe in thdr lengths, 
when the fascicnlus is broken off. Hence in part, probably, it is that the ftsdculus 

t Bowiuir, I. e., pf, 4M, 494. % lUd. I. f. 470. f £« Sg. 10 1, e, Sg. 11. 

II F.lrmcntK of the Qcaaid md Mlmta AutMaj of Mm ad tta MtinnnU*.'* Fig. 88. BqluiMliaB of 

the Plates, p. 35. 
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usually breaks oS short. The membranous (>artitioQS or septa, above described (par. 
43), no doubt contribute to prevent a Aflbienoe in length. Besides wUcb, fig. 13S. 
■hovB tbat there aie states in wluch the flat filaments ('* fibrilbe *) are abend by more 
than one surrounding spiral. See the additional observations, par. 119. I would also 
8Uf»g;est tliat the spiral form of the ultimate threads of muscle, shows why it is tbat, 
before hGing broken olf, the fasciculus soinutinies becomes tapered to a point. An in- 
stance of this kind is to be seen in fig. 67^ representing two portions of the same 6s> 
cicalas. In the direction of the carves of the sfrinUa is comparatively transverse; 
and this part of the fescictilus if; thick in |3, the direction of the Curves becomes more 
and more oblique, until the fasciculus, rendered in the same proportion thin, termi- 
nates at last in a point. A very distensihio tncinbrane invests the fiisciculus to the 
extremity ; being one of tlie means by which its spiral contents are held together, 
during this vident elongation. 

65. In a former paper-f-, I stated that membranes appeared to arise from the coap 
lescence of discs. Fully confirming this observation, I have now to add, that, in some 
instances at least, the discs first form flat filaments, such as those above described; 
which filaments become interlaced with other filaments, divide, subdivide, and coa- 
lesce to form the membranes. He odlular tinoe entering into the fonnation of the 
sheath of the spmal chord, we saw to become interlaced for this parpose|: and in an 
eariier series of investigations, I found the incipient chorion to present an appearance 
somewhat the same ^. The present memoir eontairT* t-xamples of membrane being 
lormed out of interlacing filaments. Muscle presents an instance of membrane, that 
of the fasciculus, forming by the interlacement of mere spiral threads, many of which 
are too minute to adnrit of their stractore being faivestigated. Bnt the lai^ of these 
threads present a compound structure (figs. 125, 68), whidi admits of being traced 
into the objects I have termed flat filaments : and minuteness is no hindrance to the 
><inallest undergoing a like cban^^e. The origin of this membrane out of spirals, 
uuiy assist to account for its remarkable distensibility, elasticity, and toughness, 
pointed oat by Bowman. Tliis author Indeed reamrics, concerning it, that though 
from its mlnnteness and transparem^, it is difllcnit to form any decided ofanion as 
to its structure *** it would seem not improbably to consist of a very close and intri- 
cate interweaving of threads far too minnte for separate recognition." fint lie adds, 
tbat " the matter is very doubtful U.'* 

60. In the mammiferous ovum, we saw the first cells saccee<fing the germinal ven- 
de to be few and large ; and that there occurred a doubling of their number with 
eveiy diminution in their siaef . Hie same process, essentially, we have since found 

t Philoeoplilcal Transaction*. 1841. pp. 209» 280, 24S. t Ibid.. 1841. Plato XXU. Cg. 116. 
f Ibid., 1840. Pkte XXVIIL fig. 2&2. | L. e.» p. 478. 

<f FUkMpUfldltaMMeliMHi. 1840, pT. M». 
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to be in operation in the blood-rorpuscle at certain periods and in tables of tbecpi- 
thclinml. To nit-et with a rc-appcarance of anything^ like this process, however, in 
spiral hbres, I was not prepared. Yet here also, soiuethiug oi tUe kind is actually 
Men. For, as above dcflcribed, within tbe space circumscribed by the windings of a, 
larger sjHnd, there arise smaller ones, which are sometimes two in number. There 
is, besides, another way in which the process just referred to re-appears. A spiral, 
orijJ:ina!ly single, gives oriLnn to others in the interior of its substance ('fit,'-. 7I), and 
thus, by division and subdivision, gradually acquires considerable breadth (fig. 69), 
or there may he thus formed several separated spirals (figs. 73, 113 a a). 

57. It will he seen, from the aoconnt above given of the formation of the musenlar 
fascicolas, that the young fhsincnli have the largest and fewest spirals. In the very 
young- Tadpole, I found a great many fascieuli of this kind: while in the older 
Tadpole, such fasciculi were less nnmcrous. The fasciculi here presented, generally, 
an increased number of spirals, with u diminution in their size. 

68. I cannot donlil that the larger spirals perform contntclion, as wdl as the 
smaller. It is probable that the difference between the contractile force of mnscles 
in childhood and in adah age, is connected with the above-mentioned diflference in 
the number of the spirals. Nor is this supposition inconsistent with the lact, that 
muscle by constant exercise increases in its bulk. 

59. My observaiionii on the form of the ultimate threads in voluntary muscle, 
first made on the larva of a Batrachian Reptile, have been conlimied by an oamlna- 
tion of this stmetnre in each class of Tcrtebrated animlw, indudhi^ the scaled Am« 
phiUa, and Cartilaginous as weU as Osseous Fishes. Such of the Invertebrata, also, 
as happened to be easily obtainable, were eKamined, and afFonl lI nnple confirmation 
of those observations. They included animals in the Crustacea (Crab), Molbuca 
(Limpet, Clam, Cockle, Mussel, Garden Snail, Periwinkle, Whelk), Annelida (Earth- 
worm), and hsecta (a kind of Cateri^llar). 

Facts observed in the Formation and Structure of the Cri/stdlUne Lens. 

60. In the Philosophical Transactions for 1841 I delineated cells, first arranged, 
like the beads of a necklace, in a line ; and then, by tbe disappearance of tbe inter- 
vening septa, forming a tube, the foundation of the fibres of the Crystalline Lens||. 

61. I liave now to state, that within this tube there are formed, in the first pboe 
discs (fig. 139), and then filaments (fig. 1 30 a), having precisely the same structure 
as the filaments of other parts. Nowhere l;;ivp I obtained more satisfactory evidence, 
than in the lens, that these filaments are composed ot two spii-al threads (fig. 131 p, y), 
and that the spirals give origin within their winds to other filaments. 

69. The toothed fibre discovered by Sir David BaawsraB In the lens% is formed 

t PhilaM^ihied IVuuactions. 1841. p. 204. ; Ibid.. Ib41. pp. 223. 224. 

I Fbte XXV. flga. 157, 16& 

II I find tbat Hiii olimrrtiafl wm iumkmi l y ttuilt If Valiktin. $^(^c Was«;bb'8 Physiologic cntaAb- 
tbciloBg. p. m. *II FhilMophical Tnunactigfu, 1833. 
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out of an enlarged filament ; the projecting porUons of the ipiml threads in the fila- 
ment, that is, the ap[>arent segmentB, becoming^ the teeth of that fibre. And here 

it is itnportant to reftr to a rfitiark made in a former page (par. 16), that the filament 
huB u temlLTicy to beoomo membranous at the surface, and that it contains within 
itself the elemenLs of other lilaments: both of which qualities luuy be recognized, 
as the filament is passing into the toothed fibre. 

68. "From my observations on vegetable etnictnre, to be presently referred to (par. 
68), I venture to anticipate that the toothed fibre noticed by Schwann in the epi- 
dermis of a Gra!<s, and considered by liim as eorre<«pondiug to that of BaBWBVBa in 
the lenii, will be found to have the same mode of origin. 

fiiefg ahaerved in ike Structure of BiootUv^telt, Mould, Wco^ JFUre, Hair, 

Feathers, 8fc. 

64. In examining the coats of a large blood-vessel, I had noticed the filaments of 
one stratoin to cross those of another stratum at right angles. But what was my 
surprise, when subsequently directing my attention to the structure of the uruchnoid, 
at tht lemarltable display of filaments in the vessels of tiic piu uiuter (iig. la.) ! There 
are few parts in which the flat and coroponnd filaments (" fibres *), eo constantly men* 
tioned in tiiis memoir, are more eosily or more distinctly seen, tlian here. The coats 
of sucli of those vessels as are empty, or nearly so, presenf ;in inner stratum of fila- 
ments having a lon^'itudlnal direetiuii, and an outer fil ui ent spirally crossing these, 
in the coats of such of these vessels as are full, tlic outer or spirally directed fila- 
ment is wanting. Vessds with the same etracture are met witti, having many times 
the diameter of the largest of those in fig. 16. 

65. I saw in the ol&ctory nerve, blood-vessels having two sets of filaments such as 
those now described, as existing in the pia mater; and their diameter so small, as to 
admit the blood-corpuscks in only a single row. It is deserving of remark, that the 
corpuscles observed In this row, presented indications of division into corpuscles of 
minuter stse. 

6& We thos find blood-'Vessele, the walls of which consist of fihments, having the 
same stractore as those filaments which the blood-corpuscle forms. In connection 
with the spiral dirertion of the outer filament in these vessels (fig'. 16 B). sis well in- 
deed as with many facts recorded in this memoir, I refer to the rouleaux in which 
the blood-corpuscles are seen in the microscope to arrange themselves, as probably 
indicating a tendency to produce spiral filaments. To form roiUemuc, corpuscle joins 
itself to corpuscle, that is to say, ring to ring, and rings, as we have seen (par. 34), 
pass into coils. The union of such coils, end to end, would form a spiral. But the 
formation, by tlie blood-eorposcles, of these rouleaux, is no less interesting' in con- 
nection with facts recorded in a former meiuoir ; namely, that Structures^ including 
blood-vessels, uiay be seen to have th«r origin in rows of edts derived firom corpus- 
cles of the blood. 

67. I have noticed veiy enrions resmnblanoea in mould, atiaing from the decay of 
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organic matter, to early stages in the formation of the most oMiorate animal tissues, 
mare particolarly nerve and muscle. Of such mould, figs. 25, 26, 34, 7B, 97, and 104 

may ^oi vc a* pxarnples. They present, it will be seen, mould from a ripe berry, and 
from liceoiiipoiiiiig animal substances, inrUuling cheese. Soiiif of these figures (figs, 25, 
26 13 represent cells, which have applied themselves to ouc another, and elongated ; 
in one (fig. 267), discs have arranged theoselm in rows; in another (fig. 25), in- 
teriaeing spirals have formed (out ni discs) » in a third (fig. 26 ^ 1), there are seen 
rings; in a fourth (fif. 36 spiral filaments have been produced, and become elon- 
gated ; and in a fifth (fig. 7B), a bundle of longitudinal filaments is surrounded by 
one having a spiral form. The plates present very similar appearances, observed in 
the most important structures of the animal ecunomy. 

68. Flax has afforded most sitisfirctory erideiice of identity, not only in stmcture, 

but in the mode of reproduction, between animal and vegetable " fibre." We here 
find the same division of filaments into minuter filaments, and these again into fila- 
ments still more minute : as iu tig. 76 a, ^, y, h — states which were noticed in the 
same fasciculus of flax. There is also seen the same coalescence of some spirals, to 
form an investing membrane (figs. 109, 1 10) as is observable in mnsele, while others 
retain the spiral form, and nndeigo the same division (fig. 1 13 «) and subdivision 
(a a). In flax, filaments are frequently met with running in opposifc directions 
around the fasciculus, and forming knots (fig. 101). Some of the flax-fasciculi aflTord 
evidence of a continued origin of new spirals in the same centre, after a considerable 
nae has been attmned (figb. 1 09, 1 10) ; these spirab Mng eurioosly interfaiced.^See 
the description of figs. 109, 1 10. Very similar api»earanoes, we have seen In nerve 
(par. 98), All the filaments in flax now mentioned consist of spirals, connected in the 
manner above described (par. 14), as their mode of combination in animal tissues. 

69. The difference in the degree of devclopement exhil)itcd by a flax-fasciculus in 
different parts, is sometimes very great. Tliu^ the three cuuditions «, ^, 7, repre- 
sented in fig. 75, were noticed in the same findcolus of flax. 

70. In cotton, I fiDund appearances of the same kind as those observed in flaz<f>. 

71. Hair ffifr I'^O^ presents the samn kind of longitudinal filaments, as well as 
spiral filaments; some of the latter appearing to be curiously interlaced, and others 
coalescing to enter into the formation of the investing membrane. Besides the hair, 
of which a sic^cb is given in the figure, I have examined that of the Bat, Moos^ 
Mol^ Rabbit, Sheep, Hog, Hors^ Polar Bear, and Elephant, as well as the bur of 
Man ; finding in all instances the filaments in qnestion. 

t It k ■ little wngular. thmt the tut tkw nimiliBBiri h»A bwn $pan and mvcB into tbe linen cloth wed fir 

drying the strip af glass on which the nbjpct? lay when exnmined : portions' of these flii%- fasciculi detached from 
the cloth remaining adherent to tiie glua. 1 found compound fikuaenta, tuch aa those above deacribed, even in 
P9«r,iBdi]idry«oik: LeglHngnHitikeMfiamahnfci ia flw etdM<-«M4 <| Sj^tsea; tndin haBpOiik 
had been twisted into twuw, 
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72. Certain hairs of plants hav«|Mreiente<l these filaments with great distinotiWM. Such 
has been the case also with the pappus of the Compo.nitv (fig. 126). I have examined 
the pappus in the Sow Thistle, Common Groundsel, and the Dandelion. In the stinging 
hairuf the Common Nettle (fig. 128), the filament is arranged in a manner connected 
probably with the properties of this hair : the filament, formed, as in other cases, 
of two spiral threads, being itself coiled spirally upon the inner surbco of each hair. 

73. I Ikivc rarrly seen the filaments in question more distinctly than in feathers 
from the chick in ovo, incubated fifteen days. The quiii extremity exhibited them 
of larger sise than the shaft. 

74. 1 recognize spiral threads in the feather4ike objects from the wing of the Gnat 
and Butterfly (fig. 141). In the hitter they give rise to both longitudinal and trans- 
verse stria". They are larpi-est at the middle part, near the quill : but it requires close 
attention, and a very t,'ood light, to discern them ut all in these objects, SO miQUte IS 
tbeir size, and so closely are they packed together. 

76. As already stated (par. 16), many are the instances in which the microscope 
bils to detect more than a grooved filament ; the originally crenate edge presenting 
an unbroken line. Such is often the case in (he Spider's web. Yet here al^o, fila- 
ment!! composed in the al)ove way, are to be discerned (figs. 142, 143). Tension 
renders the filaments of this web less distinct; or rather, relaxation makes them 
more so. Sometimes tbey are single (fig. 143) t sometimes two^ three, or a larger 
nnrobcr (fig. 142), are combined. Knots are sometimes met with, as thou|^ a 
broken filament had undergone repair. 

7G I wound on a strip of glass the cord which a spider was givinL' off a.s it de- 
scended, tor the purpose of making its escape; and found this curd to consist of a 
single grooved filament, in which a crenate edge was no longer to be seen. It has 
been already stated, that in one kind of cartitege, I found the nudens of the cell to 
present the same appearance as a bull of twine. No doubt it is by a provision some* 
what similar, liial the Spider is pre|)ared for an emergency such as that now men- 
tioned : and indeed for tlie lormution of its web. This seems much more probable 
than that the filaments are uianuluctured at the time when used. 

77. When we see a eorpnade enhuging and becoming filled, in one instance with 

epithelium-cylinders -f-; in another with objects having the appearance of fat-glo- 
bules*; in a third with rudimental ova^; in a fourtii willi the materials for bundles 
of spermatozoa II ; in a fifth witli columns of discs for the formation of nervous sub- 
Stance^ ; in a sixth with like cuiumns for the origin of muscle (figs. 28, 30); and 
in a seventh with liniilar columns for forming the mould of cheese (fig. 90 y). 



t Fhiloaoi)lucol Tranawtioiw. 1841, Fl. XXI. fig. 94. 

i Ibid. R. XXV. <g. 164. 

r lUd. n. X»'.fiti. ICO to 169. 



I Ibid. Fl. XXI. fig. 103. 

lud. Fl. xxm. 4g. iw. 



^kj . uy Google 



OR. IMRTIN BABRT ON nBRB. 



107 



IPC cannot but b« strack with the great uniformity in type In the earliest itagei of 

formatfon, liowt'ver widelv different the structures ultimnttlv forined. 

7B. On a late occasion-^, T sliowrd flie foundation of tlic new being, in what are 
called the highest unimals, to have the iiaiue structuit: as that of the simplest plant. 
We now fiud this uniformity in type to be recognizable at later peiiods. Fur, not 
only does every tissue Seem to arise out of discs Jiaving ail the same appearance, but 
the primary armngement and early metamorphoses of these discs seem to be the 
same. We recognize the Same combination of spiral threads in the mould of cheese, 
as in the brain of Man. How wondei fnl the fact, that out of materials SO similar, 
Structures should be formed endowed with propeilies so different ! 

70. I hare had an opportunity of eiamiuing the spermatosoon from the epididymis 
of a person who died snddenlyij:. The large extremity appears to ne to be a ditc, the 
pellucid depression in which, corresponding apporently to the sogient orifice** of 
some authors, is probably analogous to the source of new siib.stnnre in other discs. 
Elach of the two sides of the peripheral portion of the disc is extended into a thread: 
these two threads forming, by being twisted, the part usually designated as the tail ; 
an appendage the ofllce of which appears to be to "scnlP along to its destination the 
essential part or disc, and more particularlif Us pellucid centre. The formation of the 
" tail," as now described, out of two twisted threads, seems to explain the observation 
of R. Wacner, who, in rare instances, met witli tf e caudal part double (as I sup- 
pose, untwisted) at the end. The caudal purtiuu ol the spermatozoon in tiie liabbit 
presented a similar structure. 

OmUtt l^niiUwe and Mode of Increase af the f'egeiable Spiral. — On,ike Metiatlated 

Duct, Annular Duel, and Dotted Duct of Phntx. 

80. Having added to spirals from the leaf-stalk of the strawberry, a spiritons solu- 
tion of corrosive ^ubiiinute (par. 7)) i soon discerned in their substance something 
like a compound structure. In about half an hour, the interior of these spirals pre- 
sented the appearance at « in fig. 71 : that is to say, they were seen to contain two 
filaments, such as those above described. I therefore consider these spirals to be 
reproduced in the same manner as those of muscle (figs. 68 to 70 and 73) und of 
flax (fig. 1 13 a, a a), which I find to become double and quadruple by self-division. 

81. it may be added, that, were the division of the spiral, or at least the separa- 
tion, to be comphite In some parts and not in others, the appearanoe woold resemble 
that of what is called the reticnkted duct.** And the tendency (as it is supposed) 
of viq^etable ** fibre** to anastomosis, might be thus evplidned. 

82. Rings have been mentioned (par. -34), as observed in animal structure; which 
rings divide, and pass into coils. Coils are met with <fig. SS |i) that ara equidistant, 

t nOnopliinllVnHflliaH. I8a».p. m. , 
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and in a Kne. It appears to be by tbe anion of the acyacent extremitlei of ooils, that 

there is produced tbe splial (see tbe same figure). Corresponding rings and ooils in 

plants, I have nor cecn nor sought for: but, with so perfect an analof»y before me a* 
that above described, I do not find it easy to believe that they can be deficient tliere. 
Now were buch rings not to form coils, nor even to divide, but biaiply to enlarge, a 
line of them, cqnidiitant irithin a tabe, would have very moch the tame appearance 
as the " annular duct " of plants. 

83. If the appearances delineated in figs. 87, 88, 80, 90, as noticed in the roots of 
a plant, be compared witli thone in tig. 25, from mould ; in fig. 91, from tbe cornea 
of the eye ; and in fig. 131, from the crystalline lens ; as well as with figures of vo- 
luntary mnscle in the lower line Plate VIII., and in other Pkites, I think it will not 
be ca^ to. refrain from believing the appearances in all to be produced by tbe Same 
kind of structure. This structure, in such of the fig^iircs now mentioned as were pre- 
viously referred to, we have seen to possess a spiral forni. As already stated with 
reference to muscle (par. 42), spiral is formed within spiral ; uud tbe outer spirals 
more or less completely coalesce to form a membrane. Tbe vegetable figure, fig. 90, 
seems to represent an advanced state of snch as that in fig. 87' lo hoth, as well as 
in fig. 88, spirals were observed within a tube. These spirals appeared to interlace 
with one another; and, by their elosc contact ffig. 90), to produce the appeanince 
of transverse and elliptical "pores "or "dot^i." Tfic apparent "ilots" or " pores" 
I believe were no other than spaces between the winds of spirals, contained within a 
tnbe. Now spirals imierladiig in tbe above way (figs. 8", 88, 90) must, by a longi- 
tndinal succession of thdr winds, produce tq^ (fig. 90 «) hi tbe containing tube. 
I cannot bclp believing that these observations will assist to solve the still undedded 
question, as to the structure of the " dotted duet." In short, I find it difficult to refer 
the appearance of the " dotted duct " to any cause but that above described, us pro- 
duciug the striee in voluntary muscle (par. 53^). 

84. The filaments in plants have often appeared to me to be so placed, that, by 

alternate contraction and relaxation, they might intluence the contents of cells. And 
surely the structure of the«ie filaments is sufficient to induce tbe belief, that they per- 
form an important office in the circulation, including the elevation of the sap. An 
office of this kind may perhaps belong to spirals in the roots, and elsewhere, such as 
those in figs. 87 to 90 ; ochibltiag, as some of these do, almost transverse striae, like 
those of voluntary muscle in animals. 

85. A structure presenting the same appearance jus that »>f tlic essential part of 
muscle, being found to pervade, it may be said, all other tissues, it is evident that 
this stmcluM alone does not account for tbe ooatraetile property of muscle. To 
what then is the contractile property of muscle owing ? This inquhiy my observations 
do not enable me to answer. It is the duty of an investigator to record the fiiets he 
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meets with ; di Aenlt as thqr may be to accoimt for, or enm pamdoiioal as at times 

they may appear. 

80. It seems probable, however, that to the spiral structure of the filament (" fibre"), 
we may attribute the clastic and resilient qualities of certain pai ts ; such as elastic 
tlssae, and cellular tissue, as existing in and under the catis, and in the parenchyma 
of the luagss the latter being intimately connected with the question, whdiierthe 
limgs are re^ient in exjnration. 

97* Otlier parts in which the filament is found, as for instance some portions of tlie 
cutis, nre capable of becoming amsiricUd. The existence of filaments nay be con- 
nected with that constriction. 

88. There is, however, one structure in which I have met witli tlie filaments in 
qneatioo, that poneases neither elasticity nor resitiency, nor the property of nndeigo- 
ing either contraction or constriction, — ^bone. This objection I have not tbe means of 
answering : but may be permitted to remarit, that although its oi^ud developement 
(the formation of its cartilaginous state) is af>er the same type. Its completion, for a 
special purpose, is effected by tbe addition of bone earth. 

AnBbgg h^uem ike HamM ^ AnimaU and Plants, tjfter (a$ well at h^ore) thar 

FormatUm is am^lete. 

80. Tlie retnarkablc uniformity in structure between the elements of animal and 
vegetable tissues, pointed out by Schwann. 1 showed in Die Philosophical Transa*:- 
tions for 1840, to begin with the first foundation of the new being. It will now be 
seen, I think, frpm the foregoing obserrations, that a degree of tbu analogy between 
animals and plants exists, not merely In the dements of their tissnes, bvt after the 
formation of the tissues is complete. 

90. That tlie nucleus of the v('<,'et,'iltle cell, instead of being "absorbed its u^flrss," 
after the fortnafinn of the cell-membrane, performs a part not less importanr 1 Ikui 
that which 1 have described as appertaining to it iu unimxds, there can be uo kind of 
doubt. I happen to have incidentally met tnth the germinal grannies of the mosb- 
rooffi (fig. 37), and of the mould of cheese (fig. S6) $ and have figured them, as pre- 
senting evidence of this kind. Too much importance, it appears to me, has been 
attached, of late, to the membrane of the cell ; while the source of the contents of the 
cell, and apparently of all "secondary deposits," that is, tbe nucUu*, has been 
overlooked. 

91. It is stated by Vauntin that in plants, all secondary depodts** take place in 
S|riral lines. I have already renmrked, that in animals, spirals have heretofore ap- 
peared almost wanting. Should the facts recorded in this memoir, however, be esta- 
blished by the researches of other investigators, the question in future may perhaps 
be, where is the "secondary deposit" in animal structure, which k not connected 
with the spiral form f Bat more than tUs: the spiral .in animals, as we have seen, is 
in strictness not a ^ secondary" formation { it is the most prmarg oi all. And tbe 
question now, is whether it is not predsefy so in plants. 
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93. I have the satisfilCtioil Of Stating that since the ruiegoing memoir n-as pre- 
sented to the Society, many gentlemen h;ivc alTordei! iwr ihe opportunity of demon- 
stiating to thcin, either with my own microscope, or with instruments made by 
PowKLL, Hobs, or iSMi ra, the leading facts recorded in it. To one of them (the son 
of an einineat physiologist, Or. fioaroca) I am Indebted for iketcbet of aome of the 
appearances be aaw. Two of these (figs. 145, 146) represent tbe fibunent within blood- 
discs: another (fig. 144) shows a similar filament constituting the miiscnbir fibril. 
At a, tliis filainetil is on its edge: at S, it presents its Hat surface. What gives pe- 
cuhar value to these sketches, is that they were made by one wbo then for tbe first 
time saw the objects in queiition. 

Fads <Amvtd in ike CbagulaHoit ^ the Wood. 

93. In the examination of coagulating bloody discs are seen having two rery differ- 
ent appearance: the one kind oomparatirely pale, tbe other very red. It is the 

latter discs in which a fifaMient is to be found, and which enter into tbe formation of 

the clot: the former being merely entangled in it, or remaining in the serum. Ob- 
servers having directed their attention almost cxelusivrly to the undeveloped discs 
so remaining in the serum, it is not surprising that tlicy did not discern the filament 
in question: or that they supposed the blood-discs to be of subordinate importance, 
and to have no concern in the evolation of the fibrin. 

94. In order to sec distinctly the filament within blood-discs, some chemical re- 
agent should be added, that will remove a portion of the re<l colouring matter, with- 
out dissolving the filament itself. I have employed for this purpose either tlie snh- 
stance before mentioned (corrosive sublimate par. 7)» or chromic acid-f-, or nitrate 
ofsilverij;,— and chiefly the h»t* 

95. An objeetton has been taken to the employment of chemical reagents. It may 
be replied (as suggested by my brother John T. Basky), — ^if tbe point to be proved 
by the use of chemical reagents had been, %\v,\i there exists wo visible structure, Xh^n 
the use of those reagents would have been ohjcctionable, because of their known de- 
Ntructive tendency in a concentrated state. As, however, tbe point to be proved is, 
that ff pecuUar stmctmre dbev exist, it is not too much to assnme, that tbe appeanmce 
of a stnictaro so remarkable ooold not possibly be produced by tbe cbemieal actfam 
of one of those reagentSi tbe mercurial compound for instance, when it Is also 
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shaurn that the same ttrocture b rendered vieiUe hy other reagents i each at die 
oampoands of silver, and of cbrome. It ia singular that the objection to the nse of 
chemical rcag-ents should have been mooted by parties in the habit of employing miu 

ceration, a process of course highly destructive xvben proloneed for many days. 

96. But the filament may be discerned without any addition whatever, if the co»> 
fulatkm has begun, provided its appearance has become fiiniiriar to the eye. In the 
Mood of the Newt when so viewed (i.e. intbont any acMition) the discs containing 
filaments often resemble flask4ike vesicles (fig. 149). The membrane of most of the 
little flasks exhibits folds or creases (fl), convfrjrlng towards the extremity of the 
neck. If this extremity is very carefnllv cxaniiiiecl, it is often found that there is a 
small body protruding (^) : this is uo other than the extremity of tiie filament in 
qnestloo. It it now sometimes possible to discern that the folds just mentioned, 
maik the sitnation of the filament within the flask Oecanonally a portion of the 
fihunent protrudes, sufficient to admit of its remarkable structure (par. 6) being seoL 
Sometimes the neck of the flask is bent ^3) ; so that, with the filament, there is pro* 
duccd the appearance of a comma. Hull, as before said, for a complete examination 
of coagulating blood, it is advisable to remove a portion of the red coloming matter 
by some chemical reagent-^. 

97. There is considerable variety in the appearance of the red portion of the dot. 
In that of various Mammals, I have seen the following objects : namely, 1. parent 
cell$| (fig. 148 a) filled with young corpuscles, resembling Amcnoriites; 2. groups of 
young corpuscles (/3), each of which was unwinding into a filament, aud comparable 
10 a T^rrilite in form ; 8. similar objects of larger sue (7), also in groups, as if dis- 
chaiKed from parent cells $ 4. spiral /ueiaiU of filaments such as would be pro- 
duced by the eontinned elon^'ation and self-division which is represented as Incipient 
in the corpuscles at y. In other Instances, the fasciculus of filaments has seemed to 
arise directly out of a paient cell ; by the simultaneous loetamorpbosisi, into fila- 
ments, of all the contained blood-discs. 

98. The undulations to be observed in the filaments of **cdlnlar** tissue^ seem re- 

t When fint endnmnibf to tui lh« Sbment ia qoertioB, t!w obiarfer liMNdd dm the dOI m Uood of th* 

or Newt, three or four houn drawn. Having placed upon n atrip of glass a drop of the aolution of nitrate 
of silver, introduce into it a poitioo of thi« dot ; and with needles break the luw into veiy miomte |Miti; cow 
theac with a piece of tbinnex glaw; press the two glasses firmly together} and 1^ wtUi • power of 400 or 
500 «— To ibid die little ftobs ebove described, piroeeed ia fhe eeaie manner, tnd uae the same clot, 
but without ndctinp: nnj chrmieal reagent. Blood (nf one of the same amswla) should then be examined, first 
with, and then without chemical mgents, just before its coagulation : and anlMequently at various periods 
dHfiagtltefbnnlioDof fbedot I feacidlr enplor llii N«wt (liiMfrirw |MMMto of Bill) t ^ 
the blood by touching a strip of glass with the part from which the head ha* been remoTed ; ImmcdiHtcly adding 
K dnp of the solutioa of nitrate of silver, aod then a piece of thinner glass. This is done at the end of half a 
lUBDte^ud MpMMdiaaBeniiBate.&e.fiirtwo«cd»ee uaatei. He fait pwwytiUe duagee meceg ah 
tion may be thus obsen cd. 

t Tkwse jMRBt cella. utually elliptical, measured in length from ^^g"' to (Faria hne). and were wet 
«idi«ftaafa]ai|H«. TbA uiitmhMMi, 
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femble to a tfkti. mode of origin, simDar to that produdng the &Mueiiliii of fiknmti 
in the dot fig. 148 And the formation of spirab out of diics in the dot of blood 

sembles in a striking manner that described in tbelbri^oing memoir, as w itnened in 
the formation of cL-rtain tissues: for instance, nt^rve and muscle. I liavc just men- 
tioned the reproduction of filaments by self-division (tig. 148 7, i) as noticed in the 
clot : a process obviously the same iu» that described in the meoioir as observed in 
the tiaeDCB. Bnt the aoalogy does not end faeie. In a fbrnmr commnnication-f* I 
figured blood-corpasdei (cdl«) from wbidi the oontenia, except the nndeaa, had been 
lemOFCd by acetic acid. If those figares be referred to^ it will be found that the 
nuclcns so rcniaining^ is in many instances double. An examination of coagulating 
blood enables me now to olTer some explanation of this curious fact. 

99. In tig. 150 is sketched a blood-corpuscle (cell) presenting a coiled filament, a. 
This cdl having arisen out of the nncleus of the corpuscle or cell, the residoal por- 
tion of the nucleus became double hj sdMividon : and then each half of the nodens 
formed a coil, so that an outer coil contained two smaller coils |3)} each having a 
pellucid centre for future change. We here a^r\\n find a process in ojwration, bear- 
ing a striking resemblance to that producing tissues. — Compart*, wjth tig. 1 47. 

100. Where the supply of nutriment goes on, this process of adf-dinsion, and the 
formation of neir solid substance, are continued until an entire tiasne is produced. 
Where that supply is soon exhausted, as in coagulating blood, the process in qu^tion 
is speedily at an end. Hut here also, as in tfie rissnes, greater firmness is- acquired as 
new substance forms. When the supply of nutriment is exhausted, there is no longer 
a renovation of the nucleus : and now there is seen a cavity (fig. 162 ce). This appear- 
ance is very fireqneut in the advanced dot. 

101. The best ddineations I have met with of coagulated blood, are those by G. 
Gvuivm^ They are to be explained, I believe, by the facts above mentioned : as 
well as those g^iven by the <!ame observer of morbid growths^} which, like healthy 
tissues, have their origin in corpuscles of the blood ||. 

102. In the blood-clot, corpuscles are seen of a much minuter size than those usu- 
ally drcnlating in the animal. Such corpuscles are constantly met with in the dot 
of the Frog and Newt. They owe their origin to previous oorpnsdes; a filament is 
often to be seen withm tliem -, tfiey are frequently membranous at the surfeoe ; more 
or leas spherical in form ; and ■generally of a deep red colour. 

103. In a former paper, when describing the origin of the various structures of the 
body in corpuscles of the bkwd, I menlioned having noticed a reproduction of red 

« 

t Philwophical Tnuuactioiu. 1841, Part 11. p. 201. Tlatc XVIII. 

I In Ummcb'd " Elemento of the Qeoeral and Minute Anatomy of Man and the Mamnudia." PI. XXVUI. 
4 IWd. FlatH XXIX. XXXI. 

I Dr. HoDOKiK infoTTOR me that in some perfectly recent canctTuu'< matter which eontidncd particlea in many 
napMta feaamUiiig tlioaa of tin blood of icptilcs, he saw ^tat numben of them having an imequivocHl taU- 
Kk* prow appended to ^ma* vbicb nwcndently fonnedftiiBtfaie BBlend mtmnuuiing the nucleus. 
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colouring matter also. The evolution of red colouring matter forms one of the most 
lemrkable clmigeB in the coagnlation of the blood (par. 93). 

104. The prodigiou mpidity with wbieb filaments form during the ooagubtion of 
the blood, will be obvious from the vhoit Space of time occapicd by this process; of 
which the production of these filaments seems to constitate the leadinf part. 

105. Tlie notched or granulated fiiii-es" observed by Profeiiiior Maybr ia the 
bkM)d-|-, were possibly my flat, grooved, and compoond filaments, a particular de- 
scription oi which has been given in the a1>ove memoir ; but if so, there is this import- 
ant difference between the opinion of Pr<tfeBBOr Maykk and my observations as to 
their mode of origin. He regards them as representing " free fibrin in the blood," 
and, from having seen more of them in inflammation, ns perhaps the " mechanical 
consequence of an increased pressure of the blood, by the more rapid and forcible 
aratolc of the heart and arteries." He evra thinks it possible to produce the flnoie 
appearances by drawing the plasma of the chyle into a thread." The filaments I 
have described are produced in neither of these wnyt; bttt> as we have seen^ have 
their orig'in in corpuscles of the blood. 

106. On former occa!»ions|, 1 have mentioned these corpuscles as sometimes ex- 
hiUting changes in their form. When last referring to this phenomenon. I expressed 
my conviction that it aroae from an inherent contractile power; an Idea whicfa 
peated observation has confirmed, and which has been strengtlienod by the very 
decided opinion of several gentlemen to whom I have shown the phenomenon in 
question. As I had noticed such an inlii-rent contractili' property in bloo<l-corpuscles, 
it was very interasting to me to meet with moving filaments in some blood from the 
heart, that had stood for a day or two after death ^. And I have ^ce had the far- 
ther sattsfectlon to find that the fibres jnst referred to as seen by FMAssor MaTim 
were observed by turn in the Lampreiy to present free and spontaneona motions. 

107. We are indebted to W. AnmsoNH for the discovery of an immense number of 
" coluurleiis globules," sumetimei* observable in the clear colourless fluid at the top of 
coagnlating Uood. I have had the opportnni^ of examiniog blood presenting, in its 
eoagntation» n topMStratnm of dear, nearly cckmrlen fluid ; and what I regarded as 

the "globules" in question. In some blood taken in Pleuritis, I found the number 
of such "globules" prodigious. They obviously contained discs, the outer of which 
disappeared on the addition of acetic acid (of the strength of dLstilieU vinegar) : and 
I was not a little interested on finding the residual contents to present the same ap- 

t Fftouxr'a Notizco, No. 877. Apnl 1S41. p. 43. 

} FliiloM]iluaa TVaoMctioat. 1S40. Part n. p. 598: 1841. Ptet II. p. 8S7. 

I Tb« Appeamtce of some of the blood-corpuBclea whtn fubtBomg tha nofemnitein qui iHhiIjII nek to 
atfgeat the idn of a filunent being coatained within them. 

I "OaeoilaariMgikibaliesiathebd^aittof theBlaod."l4N^ 1840. roL xxni. 

HOCCCXUI. Q 
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pea ranees as some of those fissured in one of my fornier coininunications to the Society, 
as resullinp;^ from tlie addition of this reagent to corpiisrles of the hlood-f-. It imme- 
diately became a question with me, whether some of the appearances so delineated 
were not thaw of " colourless globules a fiew <^ wbidi, & ii known, are teen floating 
along with the red discs. I therefore attentively namined blood-corpuscles in very 
large number, without having added any chemical reagent: and the result fl at I 
believe the colourless globules, floating with the red blood -disc.*, to he no other f I an 
these discs in an altered state*. The colourless globules apjx'ar to represent dif- 
ferent stages in the formation of parent cells, whicii in a Ibrmer memoir I showed to 
have their origin in red blood-discs. 

108. Acetic acid, then, prodoced sneh a change in the colourless globules at the 
top of the coagulating blood jost mentioned, that I believe them to have been of the 
mmv Vmd n<$ certain corpuscles ustially floating in the blood: coipuscies paler than 
the rest, and termed "colourless glohulc'?.'' 

109. Are any of the colourless globules in the top-stratum of coagulating blood 
concerned in producing the bufl'y coat? Addison believes that th^" coalesce "to 
form it, **ln a few minutes" says he, "coagulation commenced in streaks and 
films, all of which were evidently composed by the aggregation of the globules." The 
optical instrument mcd by Addison was merely a CoDniNC.TON lens: but the employ- 
ment of a compound microscope, with very high magnifying powers, has nut enabled 
roe to detect any other substance than the globules be pointed out, with the contain- 
ing fluid, as givfaag origin to the bnfl^ coat. The ihct is, that the globules I met 
with were no other than pareiti ceffr, more or less advanced in produeiiiir young 
blood-discs. In the top-strutnin I met with a number of tliese youn^^ dises, dis- 
char^^cd from their celif, very iniruite and delicate, and scarcely tiii^'ud with ml. 
When the top-stratum had coagulated, tliese cells were no longer found : but in their 
stead I saw fibres, such as those in tissues, known to have their origin in cells : not 
in the celUmembranes, which I find to be of very subordinate Importance (par. 90), 
but in the discs contained within the cells. These fibres were certainly not produced 
by manipulation^. Amotiir liie fd>res, nuclei were met with, resembling those in the 
tissues, which, accordini:^ to niy observations, arc descended by fissiparous genera- 
tion from the nuclei uf the original cells (pur. 19). In some parts these nuclei wt-re 

t Which, I tbanU. now add, were obuined hj poncturM of the finger. See PhikMiilucal Tnumctumi, 
1841, Ftot 11. Phte XVU. ig. SS. 

I The figure juat referred to, iBd«id,f«preMDt* stages in this tnuuition. See the dcdcriiitiun of that figoie. 
Tbu< >) had ceased to lie biconcaTe, and hefomt' irloljulur i but the nuflcus mils InditllnLtly ncii, frum the "nir- 
rounding discs and red colouring matter having been imperfectly diMoivcd. Most of tbe object* there dcUucatcd 
icfttMok nib, Midi m before the wUitioB of Metie addai* IDIed wHik diiets only ^ iHt famed oi wlueli 

remain visible nftrr the nddition of the arid. 

} In a paper of later date than those above referred to, W. Adi>ison dewribcft the macerated clot as contaio- 
li^ •'fihia ud fluBntih luTUV tin toqilaNii, eohtrion* aod deati^ LDikd.Ucd. 
Goi., MkA 1841. p. 14« TUk I ftdljr eoofiifli. ftn wHtf olMcmlion, 
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lev obmas : but I noticed in tbe mat dtuatloai raiimte tbmids of a spiral fonn, 
and am inclined to think that tbqr were tbe nucld in an altered state. 

1 10. It is gratifying to me to find in the observations ot Dr. ilKM.vK-j- a confirma- 
tion of one previously communicated to tbe Royal Society by myself (and realizing 
an idea of Professor Owbn)» vis. the reproduction of the blood-corpasclcs by means 
of parent cclls:^- 

111. Farther, tfie otisei vcitions <»f Rkmak led Mm to l)flicve that the blood-corpus- ' 
cles of the fa'tal cliick ot' the tliirti week are propiitrated hv " tflrision" I must here 
add, tlmt division of the nucleus is what 1 have been long iiulicuting as the mode of 
reprodnction, not only of blood-corpusclest but of all other cells. 

112. It remains to be seen whether my further observation also, that the parent 
oetls are altered red blood^iscs, will not be confirmed. 

113. According to Dr. Hannoveh, the pale central fibre or primitive band has no 
concern in producing the vaiicosities ot nervous fibre : uuU Iruai the observations of 
Dr. Rbmak, it appears tliat the pate sheath takes no part therein $ but that it is the 
opaque sheath (*' white substance'*) that becomes varicose^. This accords with my 
view (par. a9), that the varicosities result from a rupture in many parts, and a re- 
coiling, of the remarkable tilaments of which (according to my observations) the 
"white substance" is composed ||. 

1 14. Since tbe formoing memoir was presented to tbe Society, I have seen tbe re- 
markable filaments therein described (par. 0) in false membrane," in the homy 

tissue of the hoof, in the chorion and amnion of one of the Nfammalia, and in the 
chalazo? of the Birfl's e^^. The latter consisted entirely of them. 

115. It has long appeared to me questionable, whether the generally received opi- 
nion is correct, that tbe cluilazie consist merely of coagulated albumen to which a 
spiral form has been given by revolutions of the ovum in its passage through the ovi- 

t Bititttlt ud Vamga MedBod Reriew, Juuiy. 1S4S, p. ZS9. ¥nm the Uedldubcfae ZtStwag. /di 7. 1441. 

} My pnper, recording the nSorc oTjsrrmtinn, md Janunjr 14, 1841. S<.c Philo«o|iliical TVumetmu^ 
1841, Fart 11. p. 201. figs. 39, 41 y, 45 r, 53 ji. i IdiiiMLK'e Archiv. 1841. p. 513. 

I A tckxA hu pointed out to ms m fignre by Foraita. vbleh I mm ghd to hm fhe uppuiliuuty of aotlciiig 
while the paper i» going through the prew. It shown, I tliink, tlisit this observer, sixty years since, discerned 
ttwn of the filaincnts of which 1 find the " white aub«ttiacc " io composed. He describe* a primitive ner* 
TOiu cflbder as appearing to have " 9a et Hk tor lee parois queiques fragmeni de fib tartoeuz." ClVeiti cor 
le V^nin dc la Viphre. Tab. IV. fig. 1. p. 279.) 

Another friend has pointed out to me in a recent work by Valbntin, that baa jmt corae into his haiidi 
(SxjtiJiu. TnoMAs TON SouMKBUiro. Hini*and Ncrrcnlebre), a passage which, to Cur m h goes, agrecn with an 
ohMmtioa itcorded in fhe Ibngtwig meuoir, namely, the ibnnation of nembranc out of ipinl fibrea ^lon. 
42, SS). VAt.vvTiv •tftt<?« that, under favourable r!rrum?itnncr«, it h jio^sIIjIc to Ji«tcrn that the diliratc mem- 
biane Burruunding the contents of the aerves is formed of hbrvs ; two of which be describes as appearing to 
iflBMniF-Ukcaniaaddiotiib*. £.«,«p. 

«9 
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duct. And Che obterfKtioii nmr ieeorded, thai these itractaret oonsiit <d the remark- 
able filaoMmts in question, seems snffieient of itself to warrant the belief that thejr 

have no ^uch mode of origin. 

116. I have already nrn>ntionrd having seen these filaments in the shell-membrane 
of the Bird's pl'st 'V\\h im mbrane I believe is nsnally reg-arded as the analogue of 
the cboriou la Matiiniaiui. Now the chorion of the Mammal, according to my ob- 
servations, has its origin in corpuscles of the blood : and it Is not likely that its ana- 

' logne in the Krd is produced in a difflbrent way. 

117. On a former ooeasion'l', we saw the incipient chorion, when risiog from the 
"zona pellucida" in the mammiferons ovum, to leave a stratum of unappropriated 
cells behind it on the '* zona," a gelatinous fluid intervening. 'J'hesc cells are sub- 
Hequeuiiy appropriated in the thickening of the chorion. I think it possible that it 
may be the outer layer of the chorion just mentioned, that is rq»esented by the shell" 
membrane $ while the stratum of cells left for a while on the ** sona* in the roamroi* 
Ibrous ovum, finds its analogue in the chalazie of the Bird*s egg. If so, it will doubt- 
less be found that the chalaztealso have their origin in oorpasdes of the blood; which 
iudeed their structure renders probable. 

118. As already mentioned (par. 53^), many of the fig^nres which accompany the 
foregoing memoir represent states of voluntary mnscle, in which the longitudinal 

" fibrillin" have no concern in producing the transverse striie. In these states, the 
transverse stria' arc caused by compamtively larg-c interlacing spirals, which dip 
inwards in a manner that may be represented by making the half-bent fingers of the 
two hands to alternate with one another, and then viewing them on the extensor side. 
The longitndinal '* ftbrillse'* are contidned within the spaces circnmscribed by the 
interlacing spirals. 

119. It is in such states of voluntary mnscle, that the fasciculus '• l)rca!<s off 
short (fig. 157)." This breaking- oft" short is a natural consequence of the interlacing 
of the spirals ; as may be easily shown by a wire model, representing this state of the 
lhadenlus. The fractnre of course takes the direction in which there is the least 
resistance. Hus dIrecUon Is the transverse, for la any other there would be a greater 
number of the curves of spirals to be encountered^. Sometimes the fasciculus, 
instead of being "broken off sliort," is merely luifchcd ffi-j- 7 '7)- These two elfects 
of manipulation, however, dilTer only in degree; the cause producing both being the 
same^. This seeim to be the applanation of transverse " cleavage." 

t Supplementary Note (0 a PqpermtidiGd "Reicwdiet in Snbryology. Hiird Series : a OootrflmtiMi to 
tiie Physiology of CcUa." PhilaM|Ued Tran!>Rctions. 1841, Part II. p. 193. 

; When the longilvUnaJ ttiim are exceedingly distinct, the ftuciculiu does not " break off short." lliis 
•ppcsn to be owing to the absence now of the investing spirals ; whidi. whra pment a.<<i such, regulate the 
dneotion of the fracture. I have already atated them to pass into a membnutona fatm. 

§ Occa<i'>uiiUythe extrcmiH - of 'ho niptwed afnab (figa. 156, 167) maybe Hca pcodcBtat the part vbtfa 
tba fiaciculua ii broken off ur uutcUed. 
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190. A late ol»erv«r leeau to have regardad tbe interlaciag spirdi, iio«r mentioned* 
ae ** the edges or focal aections of plates or diacs, arranged Tertically to tbe coarse o[ 
the fasciculi, and each of which is made up of a single segment of eveiy fibrilla')-.'* 
He seems to have mistakfn the normal appearances of interlacing spirals, for dis- 
tarbed states of bis supposed " di8c«." Tbe minate anatomy of the tissues is to be 
Isantf ia no other imy than by tracing them from their earliest origin. 

191. I have in no instance ddineated mnscle that bad nndergone nwoefatioii, a 
process open to objection, because putrefactive changes may cause the mom dellcaie 
portionis of a stnjctnre to disappear. Oiii tbe allcg^ed " beaded" stnicture of the 
fibril f \vhi( h I have never been able to see ia recent ouiscle) be demoostrated with- 
uui maceration? 

192. Tills may not be an improper place to draw the attention of fhtnie observers, 
genetally, to the effect produced by corrosive chemical re^igents, as well as by maoe- 

ration : whetlier the maceration be continued so as to produce putrefaction or not. 
It is easy to imagine that, owing to tlie operation of either of these, a delicate struc- 
ture may be entirely destroyed, and therefore unrecognized; or its continuity sepa- 
rated into isolated parts. And I cannot bat think that it must be tmm some sndi 
cause as this (the didnt^rating e^ct of prolonged maceration), that BowauM 
exhibits tbe fibril of muscle as consisting of beads;}:, while my own observattons 
represent it an consisting of a double spiral : and that there is so great a difference 
between his explanation and my own, of transverse "cleavage" It is true that I 
aiso iiav e had recourse to tbe use of cbeinical reagents. But liiere is a wide diifer- 
eoee between ike fretaiee and lAe akaente of a visible object immediately after the 
application of a chemical reagent, when the pectdiar/ivm of that object entitles it to 
be ooosider^, not as a ehemical componnd, bnt as an oi^nwed atraetiire (par. 05). 

123. Observer?! appear not to have determined the mode in which the "fihres" 
contained in hairii buv« their origin^. Young bair (wool) of the foetal sheep pre- 
sented to me tbe appearance, an outline of part of whteh is shetehed in fig. 1 56. The 
hair^bulb contained nndei, which seemed to be uninnding, ws^h-spring-Jiki^ into 
''fibres,^ that is, flat, grooved, and componnd filaments (a), which I have already 
mentioned haring^ seen in liair (par. 7' 1 Tliese filaments, immediately after being 
given off from the nuclei, appeared to tnterLace. In the shaft they presented very 
much tlie same appearance as those in tbe olfactory nerve (fig. lOB). The interla- 
cing of the filaments produces very remarkable appearances in tbe diaft of many 
baua, as those of the Mouse, Mote, and RaMnt. 

t BovKAir, I. c, p. 4<i9. 

X As ia " thrt« (ra^pnents of a macerated heart." Uuwman. /. c, Plate XVI. fig. 17. 
i See Simon, in MOi.utt'« AreUff, 1841, IMt TV. p. 369 ; bf vfaon tb* naeacdie* of Uutui. ud thoM 
of BiooM vn fofamd to. 
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134. At the oomnieiicenient of last year, I preaented to the Sodety a commanica- 
tion, in which ccrtiun appearances I had noticed in blood-corpuscles were referred to 
a process of tlie same kind as that previously discribed by myself, as witnessed in 
the genuiaal vehicle, that \n, in the e&sentiul part of the ovum. I concluded^ that 
the corpuscles of the blood are generated by a process of the same kind «e that 
giving origin to those cells which are the immediate snccessora of the germinal 
vesicle, or original parent cell. The comparison, howevtt", was not then extended 
beyond the mode of production of youni^ cells. 

125. My snbseqiifiit researches sliow that we may go farther. The changes taking 
place in the ovum lead to the formation of a new being. Those effected in the cor- 
puscle of the blood lend to the formation fiiamoit, endowed with the property 
of reprodacing itself by division. And what is very ranarkable, the position of this 
ilament in tl)e blood-corposcle bears a striking resemblance to that of the yonng in 
the ovum of certain intestinal worms, as remarked by Professor Owkn, on seeing my 
drawings of the filament in corpuscles of the bloodf-. Is the blood-corpuscle to be 
regarded as uu ovum ? 

126. ExnANATIOir OF THB Flatbs. 

PLATE V. 

Fig. 1. Man. lilood-oorptiscles, in blood ubtuiued by a puncture of the finger. £ach 
of them has hecuine a Alainent, having u cuil-like furm (pur. 1). 

Fig. 2. Man. Blood'CorpusclcSy in blood (obtained by a puncture of the finger) 
which had stood for some time, between two pieces of glass, in the mi- 
croscope. Each of them is now a more or less coiled filament. The di- 
vision of the blood-corpuscle into very minute objects (discs), which may 
be seen taking place in the microscope, seems to be preparatory to the 
formation of the filament (par. 25). 

Fig. 3. Man. From the coagulom of venous blood, taken in hjeraoptysis. «. Fila- 
ments, for the most part parallel. |3. Blood-corpusde which has passed 
into a coiled filament (par. 8). 

Fig. 4. From the same ooaguUnn. a. Filaments ■, 3, Rings; y. Coils, and other ob- 
jects; all of tliem altered l)lood-corpuscles, having the same structure as 
the filaments «. The whole blood-red. The buSy coat in other l>lood 
presented similar fihiments, in denser aggr^ation, and lew red (pars. 
8, 97). 

Fig. fi. Sparrow {Frhigilla domestica, Linn.), Sketch of blood-corpuscles, cacli pre- 
.sentin^' a coiled filament. The figure represents the structure of the fila- 
ment at a (par. la). 

jt I have already mentioned that tbc appeanuice of come of tbe blood-corpiucln when cxhihitiog clutngea in 
Arirfnm, bandiaitaMggeitthtMMirfftfflanutlMugMDtMMdwilU 
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Rg. 6. Sparrow. From the cuagulum of bloud. a, f3. IJIood-corpuscles (coils) un- 
winding ibeniwlvcs into the stniiglit and parallel filaments of the eoiu 
gulam (par. 8). The filament ^ is on its e(%e (par. 6). 

Fig. 7. Chick (Phanamu Gallus, Li\n.) in ovo, incubated twelve days. Sketch of 

blood-corpuscles (coils), whicJi nret unwinding themselves as filaments, 
a. Parallel filament*:, in the same field ot view. Blood-red. From the 
wing. Similar objects seen in the leg (par. 8). 

Fig. 8. TVirtle. Slcetch of blood-ooq»iwcles centaining filaments. In all of Uiae 
corpuscles, the filament is formed at the outer part. Between this outer 
part and the centre, the corpuscles a, ^ present discs arranged in lines 
for the formation of a further portion of the filament (par. 25). In 
the coaguluui of blood of the Turtle, the same unwinding of corpuscles 
into filaments was seen, as is described in the explanation of fig. 10. from 
the Newt, and in other figures. 

Fig. 9. Frog (Jlana tmftarana. Linn.). Sketch of blood-corpuscles containing fila- 
ments, a. Even the centra! part is unwinding itself into a filament. 
/5. Exhibits a spiral unaii^cint nt of the filament. 7. Filament on its edge 
at one part : indistinct at other parts in this corpuscle. \. Discs, also, seen 
in this corpuscle: their outer part having veiy much the appearance of a 
filament. 

Fig. 10. Newt {Lissotriton pvtutatuSf Bkll.). Sketch of blood-corpuscles containing 
filaments, m h arc represented only in certain parts, a. The nucleus is 
douMe (p it ^ 9!)). [3. The enter part of tlir nnclcii.s resembles that 
uf a ball ot twiuc, from its consisting ot a iilamcnt. 7. The nucleus un- 
winding itself into a filament. I. The filameni on its edge (par. 6). 
t. Nocleus removed from its corpuscle. It is unwinding itself into a fila- 
ment. Z- Corpuscle giving off a filament from its outer part. t). FQimentB, 
some of them parallel, into which some of the corpuscles have passed. 
This blood had stood for awhile in the microscope (par. 8). 

Ftg. 1 J ■ Toad {Rana Bu/o^ Linn.). Sketch of blood-corpuscles containing filaments. 

«. Hie ooiUlike form of the filament is seen. /3. Represents the outer por- 
tion of the filament lying on its edge ; and rendering this part of the cor- 
puscle thicker than that immediately internal to it ; as well as giving to 
the corpu'iflc the appearance of heiiig abruptly cut ofT (par. 2). y. In a 
condition less advanced tlian a. : diere being in y more of Ibe central part 
stilt in the stale of discs (par. 2). 

Fig. IS. Skate {Rata batis. Linn.). Sketch of blood-corpnsde^ each containiog a 
coiled filament. Tins filament on its edge at the dreumference (see the 
explanation of 7, fig. 11 and jiar. 2). 

IFIg. 13. Cod {Gadus Morrhiia. Linn.). Sketch of hlood-corpascles more or less ad- 
vanced in giving origin to filaments, a. The formation of the filament is 
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far advanced ; |S. tbe outer part is formed, uueleus double (pars. 98^, 99) ; 
no port of the filament yet fonned; bntdiies we ananged inaline for 

its formation (par. 86). 
FSg. 14. Lobster (Cancer marinus, Linn.). Sketch of blood-corpascles, eacb of which 

has become a coiled filnmcnt (par. 4). a. Stractare of the fiJameat (par. 

6). At ^ tbe filament is on its edge. 
Fig. 15. Oyster {Ostrm eduliSf Linn.). Sketch of blood-corpuscles, each of which 

has beooine a odled filament (par. 4). At certain parts the figure re- ' 

pnsents the strlictare of the filament (par, 6). 

PLATE VI. 

Fig. 16. HabUt (Leptu Qmieubtt, Linn.). Sketch of Uood-veasds in the pia mater 
tt. Longitodtnal filament^ merely dotted in^ except that on tbe left, 

wbich represents the structure of the filament (par. 6). |3. Outliae of a 
filament '^fiirully investing the lonj2;ttudinal filaments, y. Structure of 
this iiiauieut. i. Blood-corpuscles, chiefly young and oi very minute sise. 
$. Uhw nmrking tbe litu^iDn of the inner swlhoe of tbe vessel (par. 04). 

Fig. 17. Rabbit. Vnm tbe spinal chord. Corpusdes, apparently young blood-cor- 
pnseles («), passing into a rompound disc (/3), out of which there is formed 
either a ring fy) or a coil (i). The larger coils seemed to be advanced 
conditions of y and h. Colour red (par. 34). 

Fig. 18. Rabbit. Sketch of bodies obttcrvcd in the retina. The general appcarLince 
of inch bodies is that of rings, having a very high refractive power glo- 
bules** of authors }). But they are coiled filaments* often seen to be formed 
out of rings snch as those in fig. 17- Such objects are red (par. 34). 

Fig. 19. Rabbit. Fivtm tlie mednllary sub.stance of tbe brain. Ring-like object or 
coil, connected, certainly at ct and probably at |3, with a filament, tbe 
Structure of which in seeu ut 7. Bloud-red (pur. 34). 

Fig. 20. Sheep (OoU AtUb, Linn.). From the grey substance of the cerebellum. 
Sketch of coils, which are altered discs, such as j3 fig. 17 (par. 34). 

Fig. 91. Sh^p. From the spinal chord')-. Coils, arisen out of discs having the ap- 
pearance of blood-corpuscles. « Was lying on /3, and apparently enter- 
ing, with it, into the formation of a tube (see pars. 34. 35). y. Structure 
of the coiled filaments. 

Fig. 32. Sheep. From the spinal chord<|'. Objects sudi as those in fig. 2! having 
united to form a tube («), other spirals come into view in tbe interior 
(which indeed are represented in fig". 21). The continually renewed nu- 
clei, unwinding themselves, first in one direction and then in the other, 
give origin to coils, tbe adjacent extremities of which uuite, uud then form 
t White aubctance from the iiiten}nce between thus posterior and ktend tract*. 
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spirals, i he last formed, or formiDg, of these spirals is seen at ^, together 
with its gtmctura. y. Representi the imelei. Siiirab w«re noticed be- 
tween « and j8, bat th^ are not lepretented in the fignre (pan. 85,36). 
Tig* 93. Gbick m two ; twelfth (?) day of incubation. Sk^eh «f n muscle-tube. 

a. Membrane. (3. Nuclei in the centre of the tube : very near together. 
•y. Spiral, i. Another spiral appearing to arise from bome of the nuclei. 
See the description of fig. 22 ^. 

Vig. 34. Rabbit. Firam the oortical anbstance of the coebmnu Blood-ied cell 
ananged to form tnliei. Tliefle celis are in outline excepting twi^ in 
which the contents were seen to consist of disc!;, or linf-Uke objecti* 
arran;?ed with regularity, like those in muscle, fig. 45. 

Fig. 25. Sketch of mould on a ripe berry {Rubm/ruticostu, LdNM.) that had been kept 
a few days. Cdl» having ananged themadvei In a neddaoe-Uke form, 
have elongated, and spirala are forming in their interior (par. 

Fig. 96. Sketch of mould from cheese, a. Granules, escaped from containing bags. 

|3, /3. Tubes, still exhibiting the septa between the cells, by the union of 
which they were formed. One of them is branched. At y, in one of the 
tubes, are cell-like objects arranging themselves in lines, i. HingH now 
▼imiile. «. Smaller rings, or interlacing spirals. ^. Spirals having beea 
formed, tlwy have become very mnch elongated, so ai to appear nearly 
horizontal (par. 67). 

Fig. 27. Mushroom. Sketch of ^-prtninal granules, of a reddish brown or purple 
colour, from the hymenium. In such granules a nucleus is seen, often 
consisting of two parts. Around the nucleutt are other objects, smaller 
and having a lem refractive power. These are not represented, enept 
in «. jS. Grannie, apparently yonnger than tbe rat (see par. 90). 
Fig. 9B. Tidpole, about 5"' or less. From the ttul. Outline of cell^i, which are 
altered blood-corpuscles, arranged in a line to form tbe first muscJe-i^- 
linder or tube (par. 42). 
Fig. 29. Tadpole, about 5^"'. From the tail. Corpasdes having the appearance of 
young blood-corposcles, as viewed along iHib many others in a group, ap- 
parently escaped together by the rupture of one parent corposele. CeUe 
such as those in fig. 28 arc filled with young corpuscles or disCS^ appa> 
rcntly of the kind represented in the present figure (par. 4*2). 
Fig. 30. Tadpoles, 4^"' to From the tail. Fragments consisting apparently of the 
oontento of ol^eets suoh as those in fig. 28; the discs (fig. 29) in which 
have arranged themselves in columns. The ftagments an for the moet 
part in outline, eicept ^. 7 Pi esented a membranous appearance at the 
surface, not seen in a and ^. a Was of such lenjrth as to appear like 
two of the cells in fig. 28, not separated from one another, i. Appear- 
ance presented by one of the compound discs in the columns (par. 42). 
Mncccxui. n 
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Fig. 31. Tadpole, 41*". From the tail. Compomid discs resembling tliose in figs. 

39 and 90. The ac^aoent ones seenied to have united at a certain part, 

&o as to prodace a spiral fono. The two bodies in this fignre appear to 

be two columns such as tbose in fig. 30 (par. 42). 
Fig. 32. Tadpole, 5"'. From tlie tail. Tubes the parietes of which consist of spirals, 

forming out of discs such as tbose in fig. 31 (par. 42). 
Fig. 33. Tadpole. Fh>m the tail. More advanced stage of the same kind of tnbes 

(par. 42). 

Fig. 84. Mould, found on the left auricle of a shefp, seveial days dead. It is almost 
entirely in outline. The figure represents two parallel and contiguous 
tubes i each tube lined by what appeared to be smaller tubes. The divi- 
noDsbetweNi the latter are shown by dots. Witiiin the tubcf, there 
were highly refracting- giobnies (see the fignre), varying much in rise, 
and some of them, when first seen, were easily moved in the longitudinal 
direction of the tnbe. 'ffiev probably were contained in a fluid. Within 
the smaller tubes on the left tmnd, were seen either rows of discs (y), or 
filumentii i'hc smaller tubes on the right band («) presented a central 
cavity i these being probably more advanced than the tubes at ^ and y. 

PLATE VIL 
l%is PhUe represents the Fbrmafion of Muscle. 

Figs. 35 to 44* Chick m ovo ; incubated twelve days. Early stages in the formation 
of mnsci^ firom vaiioas parts the body. Very moch in outline. 
Fig. 86. There are seen parietal nuclei, with orifices in them : these orifices 

corresponding to the "nucleoli" of authors. At a, the discs are 
arranging then)>>dve8 in a spiral form even around the orifice, t.«. as 
soon as formed. A large spiral invests the whole. 

Fig. 86. The figure represents the central part of a tnbe («} and a spiral (/3). At 
the outer part» in «, are longitn^nal filaments. The spiral |3 sur- 
rounded tiiese filaments. The inner part of a is occupied by cells. 
Earh rell has a highly refracting nucleus, and is filled with discS. 
The nucleus in each cell has an orifice ("nucleolus"). 

Fig. 37. Mere outline. The nuclei have positions different from those of the 
nuclei in fig. 36. 

Vig. 88. Some of the filaments contained in the tnbe present their edges, others 
their flat surfaces to the observer. In the middle of the tube there 

are nuclei, small and in near approximation. The tube is flat. 
Fig. 39. ». Spiral filament, fi. Longitudinal filament ; parallel to which, are 
others of the same kind in outline, y. Nucleus divided into several 
parts (discs). 
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Fig. 40. More advanced state of appaicotly corresponding ol^eets; the fila- 

tnents enlarged. 

F^. 41. a. The points of contact in the spiral threads, which constitute the 
filament, beginning to separate. /3. Hue sepanitum mora complete 
(par. 97). 

Fig. Appearances, in three instances, of the nucld in OMScle-tube. The 
dots sbow merely the. hreadtl! of these tubes. We have here eviflcnce 
of divisioa (a) and subdivisiou of the nucleus, witii a diuiinutioa 
in its size (par. 42). Filaments were very distinct in the tube /3. 
Fig. 48. Sketch showing some displacement of filaments by the nndcna; and 
slight enlargement at this part in the breadth <xf the tube. It is the 
edges of the filaments that are seen in this figure. 
Fig. 44.a. Nuclei and spirals contained in a tube. fi. Another part of the same 
tube : its diameter greater ; and this part filled with discs, the ar- 
rangemeirt of vhidi wee regular (pars. 22, 42). Hieee discs quite red, 
and resembling young blood-corpnselcs (par. 43). 
Fig. 45. Chick im wo ; incubated iwelve (?) days. Outline of the extremity of a 
miisclc-tube, and its contents. These were discs, having precisely the 
same appearance as young blood-corpuscles (par. 42) ; and they were 
arranged with great regularity (pars. 22, 42) in the tube (see the explana- 
tion of fig. 48). 

Fig. 46. Tadpole, S}**. From the tul. Musde-tnbe otmtaining discs hamng the 
same appearance as yonng blood-corpuscles (par. 42), each of wtiicfa ex- 
hibited bright points near the centre, these denoting the situations of 
future discs (par. 44). 

Fig. 47. Turtle. Muscle-tube from the heart. The tut»e contains rings linked toge- 
ther, and preparing to form interlaced spirsls (pars. 72, 43). 

Fig. 48. Tadpole* si". Musde-tube. From the tail. a. Rings, arranged with great 
r^pilarityin the same way as the discs in figs. 45 and 46. Q. Structure of 
the rings, y. Spirals formed out of such rings (pars. 22,42). h. Structure 
of the spirals. Each ring appeared to contain the elements of future 
rings (par. 44), not represented in the figure. 

Fig. 49. l^dpole, &|^. Mnscle4nb^ in ndiieh are seen interlacing spirals, each of 
which surrounded minuter objects (filaments ?). 

Fig. iO. Tadpole, about 5"'. M usclc-filanient (**jS6n<") on its flat sur&ce. It mea-> 
sured in breadth ' (P"^'" ' 

Fig. 51. Young Monoculus, Flat surface ot a muscle-filament ("fibril"), observed 
in the leg, near its extremity (par. 45). 

Fig. 53. TnrHe. From the heart Musde-filaraent (** fibril") on its flat surfiioc 
(par. 46). At the lower part the two spiral threads composing it have 
become onoonnected. One of these threads stiU presents tlie spiral form. 

n3 



Digitized by Google 



194 



on. MABTIN BAURT ok PIBRB; 



Fig. 53. Chick moeo; incubated fifteen days. From the leg. Filament, Men with 
an immense number of other filaments, fonnii^f E'TCcy large mnacle- 

fascicalus (par. 15). 

Fig. 54. Periwinklo. Interliicitig .spirals. The lower part of a was not very distinctly 
seen on the left side. fi. Stiniiar ubjects, but larger. Tbey are in ootlioe. 
y. Seea with great distiuctaess (par. 4b). 

Fig. 55. Scheme^ iUuitratii^ tbe structure, apparently, of the objects figs. 40 a, 
41 ttf /3, 59, 54, 56, 88, 84, and of every object termed in this memoir a 
filament, flat filament, ur band, t. e. a " fibre" (pars. 13, 14). 

Fig. 56. Turtle. Portion of muscle from the heart. It is a filament, composed of 
two Interlaced spirals (par. 45) ; hut very much larger than usual. At 
ci the ^lament is broadest : at ^ it is narrower, perhaps from elongation : 
at y it is twiatadi and it it tlie (narrow) edge of the filament that it 
hen leen (par. 44 Note). 

Fig. 57> Chick tn ovo ; incubated fifteen days. Interladng spirals, a. Two nadei, 
\^nth orifices (" nucleoli"), in the space drcumseribed by one of tbe 
spirals (par. 44). 

Fig. 58. Tadpole, 5^*". Four spirals vi8it>le on one side of the fasciculus ; in each of 
which vere aeen two fibunents (par. 4SI). An appearance of fibres crofls- 
ing one anotlier (spirals entering Into the formation of the invesUng 
membrane}) was 6baer?ed at the outer part. They an not shown in the 

figure. 

Fig. 59. Tadpole. From the taU. A small muscle-fasciculus, in which are seen 
spirals sunouDdiqg objects, probably filaments, too minate to be ex- 
amined in this Slate. On the left side, one of the spirals la ruptured. 

(par. 42). 

Fig. 60. Scheme, showing the structure of objects illustrated by fig. 65, in an altered 

state (scp pars. '27, .?8, 39). 
Fig. 61. Muscle-tilameut librilla") from the iris of a fish, on its tlat surface 
(par. 45). 

Fig. 92. Tadpole, alwnt 6". Sketch of the widoied or brush-like oitremities of two 
ruptured fasciculi of muscle (par. 119 Note.) «. Two filaments (" fibrilte"). 
The inner of these filaments presents its edge only, 'i'lie outer filament 
exhibits at the upper part, its flat surface ; and at tbe lower part, its 
edge : i. e. this filament is twisted (par. 45.). Dots represent tbe situa- 
tions of the other filaments in these two ftsdcnli. 

Fig. 63. lUpole. Sketch of a fasciculus of musde, broken off at tbe upper part. 

Tlie transverse and longitudinal strise, are represented by lines, except at 
s, where the structure is delineated fully. This part shows the edge of 
six filaments (" fibrillse") (par. 45). /3, |3, |3. These longitudinal strise 
darker than tbe rest (par. 42). 
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Fig. 64. Muscle ; m, 7, from the Lobster (after boiliog) ; i, from the 6hcep. a, 
biterlaoed spirals, which are oompoand ftlvmenti* Thdr itmeture ifl 
aeea at jS. OotR rqNwent the aitnation <tf kngUndfaial filamenti, tnr- 
roanded bj the apinb «, 7. i. Appearance inducing the belief that the 

tnmeverse striae cross the fascicnlns in a continuous line, until the parts 
are more minutely examined (see the objects a, y, and par. 120). 

Fig. 65. Tadpole, 8'". From the tuii. Muscle-iasciculas more advanced than that 
in fig. 94. It pmenti on one aide four interladng spirals ; each spiral 
a oompoand ol^ect. llidr contents not shown. 

Fig. M. Young Crab. Two portions of a fiMdovlns of muscle : «. Contracted ; and 
|3, relaxed (see par. 52). The arrow allows the lon|^tttdinal direction 
of the fasciculus. • 

Fig. 6/. Tadpole. Two portions of a fasciculus of muscle. «. The edges of four fila- 
ments (''fibrilis") are weea, unchanged. j3. Extremity, elongated to a 
point before being broken. In |3, the direction of the spiials is vecy 
much altered. The upper part of /3 may serve to convey an idea of the 
state of a fasciculus in extreme relaxation (par. 61). ^ AppeareH to be 
invested by a highly elastic nicmbrane (par. &4). The extreme point of 
^ was at the distance of from a. 



PLATE VIII. 

Fig. 66. Tadpoli , ..^ 1 loni the tail. Appearance near the surface of an object 
such as the larger of those in fig. 73, after the addition of acetic acid of 
the strength of distilled i^negar. The discs it presented (fig. 68) seem 
to have been the essential part of si^rals such as the larger of those in 
fig. 73 ; the outer part of which had been removed by the acetic add. 
a. The discs seemed to be composed of niinutor discs (par 55). 

Fig. 69. Tadpole, about 5'". From the tail. Spirals detached Irouj a fasciculus of 
muscle i in a quadruple coil (par. 80). 

Fig. 70. Tadpole, about From the tail. Spirals detached from a fhsdcalos of 
muscle ; in a double coil (par. 80). 

Fig. 71. Strawberry {Fragaria vesca, Linn,). Spiral from the leaf-stalk. Tliis spiral 
is a compound object, containing filaments (" fibres") (par. 80). 

Fig. 72. Sheep. From the white substance of the cerebellum. A spiral tilanieat. 
«. Straetnre of this ilamait (par. 85). 

Fig. 78. Tadpole, S^"*. From the tail. Sketch of two aets of spinls ; several being 
paiallel in each. The spaces circumscribed by these S{dia]8 presented 
discs ; and the .spirals exhibited more or lew distinct traces of discs in 
their substance (par. 55). 
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Fig. 74. Flax, dividing ami !?ubdividiiig iuto filaments (" fibres"). At a, and in part 
of a membt-une-like iavesiiaent preveuted the structure froiu being 
uea (pun* 60j 62). 

Fig. 76. Similar diviiioii of Ifao. The nme findfinltM presented the three states a, 

|3, y (par. 69). 

Fig. 76. Similar division of flnr the states and i, having been seen in the 

same fesciculus (par. 69). 
Fig. 77. Sheep. From the spinal chordf. Sketcbof aftscienliis ofncrve. At«,a 

tj^ixti eroflses the entire ftscienlQS : at /3, one half of the ftsclenlus is 

crossed by another spiral (par. 39). 

Fig, 78. Sketch of mould from ii lipe berry {Rulits fruticosus, Linn.). It presents a 
fiisciculus of filaments, surrounded by a spiral filament (par. 6") 

Fig. 79. Tadpole, about 5"'. Portion of muscle. From the tail, presenting interlaced 
spirals (par. 45). These are more transvenely enrved at the upper part, 
and the object (fihuneot) is therefbre trider liere than bdoar, vhere the 
direction of the curves is more oblique. At a part still lower than the 
figure sliows, the object was as broad as at the tipper part of the figure: 
and here also there was a corresponding change in the direction of the 
spirals (par. 51). 

Fig. 80. Slicep. From the spinsl diord'f'. Sketch of spiral fikments (a), socnmndii^ 
fihunoits having a more (yet not perlieetly) longitudinal Predion (jS). 
Internal to the latter, was a broad " bnnd-Iikc axis" (y), exceedingly de> 
licate, and consisting of very minute filaments, such as those in fig. 81. 

(par. 36). 

Fig. 81. Sheep. From the spinal chord -f-. a. Dots, showing the curves of a spiral. 

These cnrves presented great irregularity in thdr direction, which has 
not been imitated in the figure. |8. DeUcate " band-Gke axis** (corre- 
sponding- to that in fig. BO), oomdsting of minuter filaments. Spirals 

seen in the latter (par. 36). 
Fig. ti-J. bheep (r). From the grey substance of the cerebellum. Sketch of a fiisci- 
culas of nerve, contisting of two halves. Two spiral fllamoits are seen, 
the one snrronnding half of Uie fiiscicnlns, and the other snnronnding the 
whole of it. The latter B|ural is removed from the fiwdcalus at the 

lower part (par. 39). 

Fig. 83. Sow Thistle [So/ichu.s olaaceii.s, Ltnn.). From the root. Sketch of two 
interlaced spirals, invested by something like a nienibraue [par. 83). 

Fig. 84. Tadpole. IScetch of two interlaced spicab in ronselei forming a very large 
fibment (par. 46). Between a and |3, tiie filament is twisted $ present- 
ing here, therefore, a thinner part, its edge. 

Fig. 85. Sheep. From the spinal chord f. Sketch of a fascicnlns of nerve, llienpper 

t Sm the note. p. 120. 
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or outer part a, is in mere outline. The luwer or inner part appeared to 
correqKMid to that marked y in fig. 80, and j3 in fig. 81 ; but wu in a 
more advanced statei, the filaments (very miniite and delicate In figs. 80 
and 81) having enlaiged, and separated from one another. The aplralB 
in these fiJaint-nts are represented at certain parts (j3) (par. 36). 
Fig. 86. Sheep. From the spiual chnrd-f-. Sketch of filaments. They represent a 

state luoie advauoed llian those in fig. 85 (|3) (par. 36). 
Ilg. 87 to 00. FVom the root of the Soir Tbiatle. Moat of the objects represented in 
these figares, have the appearance <rf htang merely " dotted * when viewed 
at certain distances (par. 83). 
Fig. 87. The tubes sketched in this figure wei-e filled with interlaced spirals, 
which are represented only at certain parts. In the tube a, the direc- 
tion of these spirals is unaltered. In (i, partly separated from the 
other tubes, the sj^nls have been distorted} precisely the change 
that takes place in muscle (par. fi4). y* Extremity of the tube 

/3, elongntcd to a point, with a corresponding elongation of the con- 
tained spirals. Compare with fig. 67, from muscle, and see the de> 
scription of fig. 67. 

Fig. 88. Comsponding tube, in a state more advanced, and the spirals, there- 
for^ more nomeroos and smaller. «. Snr^ of the tube ("dots"). 

|3. Interior (par. 83). 
Fig. 80. •. Interlaced spirals, nearly resembling those in fig. 87. 3 Interlaced 
spirals in a distorted state {par. 51). y. Drami by tcIIk tt d light, 
exhibits interlaced spirals. Compare with figs. 92, 93, aud 94, from 
muscle. 

Fig. 00. The tube in this Agnre presents the appearance, merdy, of transversely 
elliptical, and bright " pores" or " dots ;** which in reality are spaces 
between tbe carves of interlacing spirals, such as those in figs. 87, 
88, and b9, the cui-ves being concealed in fig. 90. The more su- 
perficial of the spirals in fig. 90, seem to be coalescing into a mem- 
branons substance, which conceals the inner ones. «. One of the 
** septal formed by the interlacing spirals (par. 83). 
Fig. 01. Sheep. Filament consisting of interlaced spirals, from the cornea. The 
cornea appeared to be wholly composed of filaments in the densest ag- 
gregation, and running in every direction. 
Fig. 92. Turtle. Interlaced spirals, from the heart. 

Fig. 1^. Chk^ w Mw; inenbaled fifteen days. «. Sketch of interlaced Sfriials in 
muscle. On the light, at the lower part, are portkms of a mptored 

spiral, adherent to the rest. The object /3 represents a young foadcnloa 
of muscle. Compare it with fig. 89 y, and see par. 83. 

t See the note, p. 190. 
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Rg, 04. Tadpole, about 5"'. From the tail. Young muscle-fasciculus, presenting 
on one side three interlacing spirals, with their contents. Tbh objtxt 
very much rc&emblcs j3 of fig. 93, but is larger. The alternaiiou of the 
inner spirals in a large foscicolos, may b« seen by gradually shortening 
the focal distanoe. 

Fig. 96. Tlidpole, 5f . Sapeificial part of a miucle.fiuciculu8 presenting interlaced 

spirals (par. 42). 

Fig. 96. Tadpole, about 6"'. Muscle- fasciculus presenting on one side five interlaced 
spirals (par. 42). The transverse strise somewhat distorted by manipu- 



PLAI K IX. 

Fig. 97. From mould formed on a portion of the heart, a. Tnbe pontaining lila- 
mentis, apparently spirals, ruanio|; in different directions, and cross- 
ing one anotlicr. The fllaments are dotted merely. It is tlidr edges 
which are thus represented. |3. Tabe oontainiqg interwoven spiral fila* 
ments, in outline except at una part (par. 417)* 

Fig. 98. From the same mould. The f-.f^nre represents two parts of a tube, contain- 
ing filaments. In the part a,, souie of the filaments are very longitudinal ; 
others more spiral, and interlacing. In the part ^, the spiral filaments ()) 
are more trmuversefy spiral : they seemed to tiave been brolcea off at diis 
part, and had perhaps reoiriled In consequence (par. 89). At y, are fila> . 
ments transversely spiral ; and forming a narrow maS8» oocnpying only 
the middle of the tube. S. Strnctnre of the filaments. 

Fig. 99. 6heep. From the spinal chord -f-. Fasciculus of nerve. The figure represents 
only a part of the many spiral filaments seen in this object. Between 
aomo of these spiral fihments («) were colargcoieiits ifi). y. Stmetnre of 
the spiral filaments, as well of those at «, as of the others, i, i. Longi- 
tudiotil filaments, s. Central space, mnch more pellucid than the rest. 
This central part is the place of origin of new substance. There seemed 
to be in the interior, filaments interlacing with one another. These are 
not represented (par. 39). 

FSg. 100. Sketch of fasciculi of flax. In K,are seen longitndinal and spiral filaments. 
In /3, the filaments seemed to interlace (par. 6B). 

Fig. 101. Sketch of a fasciculus of flax ; the interior not shown. Here and there, 
and in some degree at pretty regular distances, it was crossed by trans- 
verse filaments running in opposite directions. At «, there were two of 
these lUaments in each direetioik (par. 68); aft j3, there was only one. 
Where these filaments (<tand /3) were aitoated, the diameter of the &sd> 

1 8MtiMiwta,p.i!ie. 
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euluB vat greater than elwvbere, iodependenUy of the pmenee oS tin 
filamento (« and fS). In some parts a ifngle tranaverae filament croned 

the fascicalus, without being met by one in the opposite direction, 
fig. 102. Sketches of fasciculi (the "primitive fibre?" of authors) in the ischiatic 
nerve. All that is intended by this figure, is (o sfiow the breadths of the 
fasciculi, and to give some idea of the direction of such of the contained 
filamenta (** white sabstanoe,** par. 98) as are represented, which is by no . 
means all that were present in these objects, en and y. FOaments inter- 
lacing. |3. Filaments more loagitndinaL In |3y the interior seemed fluid, 
or nmrly so. 

Fig. 103. Chicle in wo ; incubated twelve days. Very young muscle-tube in a state 
resembling that in fig. Ill (see the description of fig. 111). The longi- 
tndinal filaments are all represented by dots except one^ wUcb is seen on 
its flat surfiice. The spiral filament is in outline. 

fig. 104. Sketch of a fasciculus of filaments from mould on a ripe heny. The same 
mould as that in fis: 7H 

Fig. 105. Sheep, hketch, showing the diameter, and undulating, soft appearance of 
two of the ftsoicnil in the medullary substance of the cerebrum. In one 
of thea^ some of the contained filaments are represented. 

fig. lOft. Sheep. Sketch of fa.sciculi from the eurtical substance of the cerebrum, 
wholly conip<<<?< r! of filaments. One of tl»p«p faRriculi, a, is in outline 
only. In the other, /3, filaments are represented ; bnt these are merely 
dotted in, with one exception, 7. These hlameut« did not appear tense, 
but of the same softness as those firom the olfactory nerve, fig. 108. 
i. Division of the Ihacicnlus into two parts. 

Fig. 107. Rabbit. Fasciculus from the optic nerve. It consists of filaments, lying 
loosely together, and less distinctly circumscribed by a membranous in- 
vestment than those of the " white sidMtanoe" in, for instance, the ischi- 
atic nerve (par. 32). 

Fig. 108. B^tlrit. Fssoicnlus firom the oUhctory nerve. See the dcscriptiim of fig. 

107, which is quite as applicable here. The appea r ance is well repre- 
sented in this figure (par. 32). 

Fig. 109. Sketch of a fosciculus of flax. It i-epresents very few of the filaments seen 
in the interior, a. Membrane at the surfoce divided at this part. j8. Fila- 
ment having a longitndknl (Urectlon. y. Direction more oblique 
filaments, t. Central Ixxty,. surrounded apparently by a flidd. In other 
parts of the fasciculus, 1 was not visible. // appeared to have resakted 
itself into the interlaced JUameiUs fy. 110; toch ^ the threodt m s jme^ 
ducirjg sevrrat filaments 

Fig. 110. Part of the same fasciculus oi tlax as that in hg. 109. ec. Division of an 
inTCSting membinae^ In the inteiioc were interlaced, and apparently 

HOCOCXUI. s 
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spical* fikmeiitof probably uiaeii oat of port of f llf. 100. See the cx< 
pbitationof 109. Several of tbese filaments arc represcQted in the 
figure, and parts ut' others are sliou'ri in outline. TbeflO filaments WOro 
tense. The directioa of |3 seetued luugitudinal. 
Fig. 111. Chick in ovo; incubated twelve (?) days. From tbe leg. A very young 
nnMcle4abe in which there are lea ive ilamenta. Thefignre repieienti 
the edges of tbese filaments. Two of them an doee together, and so ap- 
plied as to produce almost tiansverse strim; three are loosely situated 
in the tube. Such filaments appear to beoome eohuged into such as 

thosi' in fii^H. 40, 41. 

Pig. 112. Frog. From a nerve of the leg. «, /3. Fascicali or tubes (tbe so-called 
primitive fibres"). In «» Is seen one of the filaments ('* while snbstance," 
par. 28) whidi lie looeely together in tbeee tnbes. This filament is on 
its flat surface. Dots indicate tbe situation of other filaments. In |3 are 

repro'^cntefl four of these filat»ients_ nil on thrir rdges. The direction 
of thret' is oblique, y. Filament, i Iji vti iictiire ui which wa.s rcnmrkably 
dihtinct. i. iSiiuilur lilaiiieut, but wore uiiDute and on its edge. 7 and i 
seen in fesdculi such as those at u and jS. 

Fig. 1 18. Sketch of a fiiscicalua of flax. m. Spiral, composed of two fihunents, the 
■tnicture of which is seen at the extremity. Compare with a a of the 
present figure ; with spiral from the leaf-stalk of the Strawberry, fig 7' ; 
with that in flux fig. 101; with those in muscle, figs. 69, 70 ; and see 
par. no on the reproduction of spirals by division. « «. Spiral running 
hi the opposite direction ; and consisting of /mr filaments (see the refer- 
ence above). Tlie filaments surrounded by the spirals « and a a, are 
seen for the most part on their edges, in the figure. They have the same 
structure as the filatnents of tbe spirals • and ««. A cavity in the middle 
of the fasciculus. Acetic acid. 

Fig. 1 1 4. Rabbit. Filaments foond in the reffauC The nnmber teen was very great. 

«. Is on ila edge. fi. The npper part on its edge} the lower on its flail 
surface (pars. 6, 14). 

Fig. 115. Riibbit. Filament.s from the meduUary substance of the cerebram. ft. On 
its edge; /3. on its fiat surface (pars. 6, 14). 

•Fig. 116. Rabbit. From the cortical substance of tbe cerci)rum. 7. Filaments, 
the former on its flat sor&ce, the latter on its edge (purs. 8, 14). 

Fig. 1 17. Frog. From the S|Aoal chord. «, «b |3. FIbunenIs; a, «, on tbdr edges; 

|3. on its flat surface (pars. 6, 14). 7. Varicose object, the enkrgements 
often at pretty equal rli»;tance8. I have seen the pellucid central part 
(nucleus ?) of one of these enlargements to run along the object, and pass 
into another enlargement, which was thus increused in size. 

Fig. 1 18. Rabbit SMteh of an oljcct noticed In the ladirymal gland (see par. 40). 
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a. Interlacement of filaments. |S. Structure of these filaments. 7. Spimb. 
i. Their structure, i. Outline of trunk ; into which ^ passed. 
Vlf. 119. Adttiiceditale of mdi an object as 1, fig. 109. 



PLATE X. 

Fig. 120. Tadpole, about 5 4"'. Corpuscles, having the same appearance as yoang 
blood-corpuscles, coonectetl like the links of a chain (par. 2:^). 

Fig. 131. IWpole, about 0^. Sketch of mntcle-tabcs, as seen lying together, scfcnil 
of theni exactly parallel, and tbe whole apparently diseharged from a 
parent stnietare (par. 43). No more than the most superfieial portioiii 
of their contents is shown ; and tliis only at certain [mrts. Some of these 
tubes (a) present at least two spirals ; in another (j3) are interlaced spi- 
rals ; and in a third (y), there are rings for tbe formation of interlacing 
spiiab (par. 43). Very weak acetio add. 

Fig. 133. IVulpole, fi|^. Similar tubes, ae. The direction of the spirals is exoeediiiigly 
oblique. |3. Interlaced 8[Mrals. i, Tiie noinber of S[Hrals appears to be 
three. 

Fig. 123. 'IWpole, 5^"'. From the tail. Muscle-&sciculu6 in which the objects 7 are 
sonroonded by spirals, ^, in auoh a manner, that each y is shared by two 
of fi. m. Larger spiral, commoo to the fiiccgoiii(g (par. M). 

Fig. 134. Tadpole. Muscle-tube representing diflSerent States of the more central 

(a, p), as well as the conditions of the more snpcrficial (7, X) parts. 
m. Discs not in lines. (3. T.arg'er discs, inai tlie centre, and in something' 
like lines. 7. Discs overiuppiug one another, and lu sooje part& appearing 
asif Bnked togedier. These more superficial than the iKsesjS, and nearly 
on a level with the interlaoed sfdrala ) s whidi eorrsspond to y of fig. 48. 

Fig. 135. Turtle. From the heart. Sketch of interlacing- spirals. Each spiral is a 
flat and compound filament; the of v/liirh filament is directed to- 
wards the observer. Every spiral thread uppairs to contain nuclei i and 
may therefore become a compound filament (par. 66). 

fig. 186. Dandelion (JUonlodbn Tanuut e m m, Lrnif.). Sketch of a portion of tbe pap- 
poB. Lont^tndinal filaments (/3) in the intenor are rapiessnted by dots. 
These filaments are collected into fi^iculi by spiral filaments (a) ; tbe 
longitudinal filaments being represented by rows of dots, tbeir stmctnre 
is shown at 7. 

Fig. 127. Groundsel {Smtao vti^ant, Lnm.}. From the mot. m, (3. Sketdl of filn- 
ments. The stmetnra seen in oortain of them, y Rqunpsents the stroc^ 

ture of the filaments (i, and tbeir larger size. 
Fig. 138. Nettle {Urtica dioica. Linn.). The figure represents, between a and /3, 
tb4i breadth of a bair from the leaf-stalk ; and fi la fw i nt s on tbe inner sur- 
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foce of tbe hair. y. Structure of the filaments, and frequent position with 
• lefiereiMie to the sarfiKse. - The dots shwir merdy the direction of other of 

the filaments : this direction being spiral. Their dintftnoe from one an- 
other is different in different hairs. A similar appearance observed in 
hairs from the under surface of the leaf and from tlie stem (par. 72) 

Fig. 129. Foetal Sheep. From tbe crystalline leas. 8ketcli of tubes containing discs. 
A spaoe in the middle of the tabes (see par. 61). 

Fig. ISO. Chick m ovo ; incubated fifteen days, from the eryttalliiielena. CUeffy in 
outline. «. Composed of filaments, two of wluch are repreaenled hn tlie 
figure, p. An object composed of filaments, more of which were present 
on the right hand than on the left : whence the greater thickness at the 
former part. Tbe arrow indicates the longitudmal direction of these 
filaments. At one end of this object (fi) are peadent portions, not of 
entire filaments, but of spiral threads oomponng fihunents $ these epical 
threads hanging from tlie extremities of certain filaments where broken 
off. y. Portion of a fasciculus of filaments containing a nuc)p»s, which 
displaces the contiguous filaments. Many such fasciculi are seen in fig. 
132. lu the nucleus are three discs, with an orifice in each. 

Fig. ISl. Bream. From tbe central part of the crystalline lens. m. Two ^rels run- 
ning in opposite directions, tlie one within tbe other. /3. Two interlaced 
. q»ini]8 containing filaments. 7. Two interlaced spimls. i. Filament en- 
larginir rertain states of filaments pass into the toothed fibre, discovered 
by iSir David Brewsteb (see par. 62). 

Fig. 1 32. Cbick in ovo inculMited fifteen days. From a more central part of the same 
lens, as that from which fif. 190 was taken. i%etch of a flat object, 
folded at /3. It was composed of fiwckali, resembling y of fig. 130. 
These nvsciculi con.sisted of filaments, among which were aoclei, dis|da^ 
cing, as at «, the contic^tions filaments. 

Figs. 133 to 136. Rabbit. From the cartilage of the ear. 

Fig. 188. This figure represents in outline tbe ritnations of sevenil odls. The 
nndci of these edb are not shown ni all of them. In one instance, 
c, tbe nucleus resembles a ball of twine (see par. 18). /3. Some of 
tbe filaments of the intercellular substance. Tlie nodeus frequently 
elliptical in form. 

Fig. 134. Cell, for the most part in outline. The walls composed of interlaced 
filaments. «. Structure of the filaments. The central portion of the 
nucleus had divided into two parts (centres), hdd together in a 
remarkable manner by interlaced filaments, proceeding frum these 
parts. Possibly this division of (he nucleus denotes incipient divi- 
sion of the cell into two minuler cells. Each of the two parts 
(centres) of the nucleus Itad its orifice (" nucleolus "); the two orifices 
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marly feeing one another. AnNuid oriiet wen pale diua not 
jet anaoged inta a ffiameat (see par. 18). 
Fig. 135. Nvdei of two other edb. One omtre is seen in the nndens «, sar- 

rounded by filaments. This centre has its orifice. The nnrlcus j3 
presents several parts, appearing as though held together by inter- 
iacing tiiamente. Yet perhaps this division of the nacleus into 
■erenl parts denolw indpient ^^lion ef the odl into as many 
mtenter odb, of which eaeh port of the di?ided nnclens wonld have 
been the nucleos. See pars. 18, 19. 
Fig. 196. Outline of two cells, the lei of which had escaped. A filament ex- 
tended from the situation of an unwinding nudens to the wall of one 
of the cells. 

Fig. 137> CUekmevoi lneiibatedllfte«idays. Ontlineof odblnthecartOageofone 
of the phalaoges (the terminal one). Fihunents indistinctly seen at «. In 
the naclei filaments wen Mi seen (as In iigs. 133 to 136) ; yet the discs 

of which the nuclei were compos.fd (3), appeared like rings: and the cen- 
tral portion of the nucleus y consisted of two halves as in fig. 134. 

Fig. 138. Chick inovoi incubated fifteen days. Fiiaiueut observed in cartilage of a 
bone of the Iqr, meesadfaiioed than that in fig. 187. 

Fig. ld», OotUne of the hair of a Caterpillar, containing filameots, one of wUch is 
seen at a (par. 71)- 

Fig. UO. %etch of part of two feather-like bodies from the wiag of a Gnat. 
», a. Structure of the filaments in these objects. 

Fig. 141. Sketch of featheivUke bodies from the wing of a Butterfiy. a. The object 
entire, and young: ^. part of an objeetof the sante kind, more advanced. 
y. Structoie of the filaments in the ot^ect a. i. Stmcture of spirals pro- 
ducing transverse (as well as longitudinal) striae in the object /3. 

Fig. 143. Spider's web. Fasciculus of filaments. The fi lament a. presents its edge at 
the middle part. Of the other three filaments, two are on their edge, and 
the third is on its flat snrftce. Citric acid. (par. 75). 

F^. 148. ^der^s weK Filameat on its edge. It crossed some ftatfaer-lilw objects 
firom the wing of a Butterfly ; part of one of which is represented in oat> 
line in the fignce. Citric acid. (par. 7&). 

PLAT£ XI. 

Figs. 144 to U7i acenot drawn on the same scale as the rest. For the first three 

of these, the author is Indebted to a friend. Fig. 147 is taken from a drawing by 
Dr. Hf^««k, in FiioaiBi's Notisen, Jnli 1S40, No. 309, p. 2. It representt part of 
Dr. Hesss h fig. 
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Fig. 144. Frog. Sketch of a large muscular fibril from the heart ; on id 
edge (interspaces oblique) ; or ifii flal snrftce (j^r. 92). 

F^145,146u fkmtiJVUem eritttous^lam.). Sketch of red bbod^HsM eoo- 
ttdnb; filaments ; «, on lihe edice (iRtenpBCBi oblique) $ (3» od the 

flat surface (par. 93). 

F^. H7. "Transverse section of the tooth of the OrnithorhjTichus near the 
apex, where the tuhcs have hecome cloiier" (par. 99). 

Fif . H7k' Hkhmm. (AUgemeuie Aimtftioie. lebie von dea MQeohnof*- 
vnd-ForittbcfltaDdtheilea dei oMnaehfioheR Kfirpen, 1841. Tsf. iV. 
fig. 5. 1.). Froen the nmnv ischiadicus of the Frog; "m augetretcneB 

Mark, /3 zusammenge^ene Scheide." 
Fig. 148. Man. Sketcli of objects from the blood-clot. a. Parent cell ; filled with 
blood-corpuscles having the form of Ammonites. ^. More advanced states 
of encb bUtod-corpiiBdcs, ditohaiised firoB a paraut cdl, and seen with 
othen lyiug ia a groap. Hiey have the apiral lona. y. Similar blood- 
corpuscles of a larger sixe, t. e. in a state more advanced : the upper 
one beginniag to nadeifo diviskm. SfkaA fiiacicaluB of fitoments 
(par. 97). 

Fig. 149. Newt (Triton cristatus^ Linn.). SIcetdi of blood-corpnicks from the form- 
iag clot. No addition had been made (par. 96). All are fladc-like 

vesicles (par. 96). «. The membrane without folds. 0. Folds are seea. 
y. The filament protruding. I. Two filaments raiUe in the interior: 
the nucleus apparently them off. 

Figs. 15U to 152. Sketches of blood-corpuscle«« and of filaments derived from tbem : 
a» seen in the dot of tiie Frog end Newt. 
Fig* 160. Parent corpnscle^ or cell, containing a coiled filament («), which smr- 
rounds two yonng coiled filamenta (0, ^). A pellodd nndeas in 
eacli of the latter (par. {>9). 
fig. 161. Parent corpuscle, or cell, containing a coiled filament, which sur- 
rounds many yuuug coiled filaments. 
Fig. 169. Coiled fihments^ derived lirom blood«coqmscles t «, with a cavity in 
the centre; |3,vRwoand. 
Fig. 168. Sheep. From the clot of blood : nine houre after the bleeding. Sketch 
of fi!,un*'nt8. «. A spiral having been produced, it i'^ *^longating. /3. The 
elongation has proceeded farther ; and at y has produced the appearance 
of a mei-ely twisted filament. Of these filaments, about half a dozen lay 
abreast, «id some of them were united at their extmiiities. 1^. Stnictara 
of the filaments, u Similarly twisted filaments. ^. Spiral ; apparenHjr 
an altered red blootl-dl.sc. The whole blood-red. 
Fig. 154. Newt {Lisst^itm ymctatuSf Bbll). From the blood<clo(. Sketch of an 
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eniarfed blood-corpuscle^ the niideiit of wliieli was void»rgoiag dMsmi, 
for the purpOM of prodndng young corpuscles. 

Fig. 155. Sketch of the hair-bolb in a foeta! sheep ; which contained nuclei, nnmnd- 
ing into filaments, the filaments interlacing, n Structure of the fila- 
ment, as seen on its flat surface. ^. Edge o( the tilamcnt (par. 123). 

Fig. 156. Shrimp. «. Sketch of a fiwaeiiliia of volantary mascle, presenting inter* 
laced ipirab ; wme of which are wen pendent at the lover part. |3. One 
of these spirals, the windings of which were distinctly followed. 

Fig. 157. Lobster. Sketch of a fasciciiUis of voluntary mtiscle : at the lower part 
broken off shou t ; at the middle part notched (pars. 118 — 122). m, ^. 
Displaced extremities of the ruptured spirals, y. Structure of the spirals. 
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Adjudication of the Medals of the Royal Soc iety for the year lt}42 by 

the President and Council. 



The Copley Medal to Professor Jamks MacCullagh, of Trinity College Dublin, 
for his researches eouaected with tiic Wave-Theoiy of Light," cootained in the 
Transactions of the Royal Irish Academy. 

The RuMFORD Medal to William Hknrv Fox Talbot, Esq., F.R.i»., for bis disco- 
veries and improvements in Photography. 

The Royal Medal, in the department of Physiology, to IVilliam Bowman, Esq., 
F.R.S., for his Paper "On the Structure and I se of the Miilpigliiaii iiodies of the 
Kidney, with Obfiervation^ on the Circulation through that gland," published m the 
Philosophical Transactions for 1842. 

The other Rotal Mbdal> not having been awarded in the department of Afltro- 
notny, was awarded in tliat of Chemistry to Jonit FksDBBic Dakuu., Esq., Foreign 
Secretary of the Royal Sodety, for his *' Letters on the Electrolysis of Secondary 
Compounds, and on Voltaic Comfaliiations,'* published in the Transactions for liMO 
and 1841. 
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♦ 

I MUST be; permiinon to address yon once mora npoD the anbject of Vottaic Com- 
binations. To thit I am prmnpted by seferal oouidentioiis. 

In the first place, the beauttfol law of Ohm, and the simple expression which he 
has givpn of the electromotive force and resistances of a voltaic rircnit, enable 
me to review willi advantage, aucl to correct, many uf tiie conclusions which 1 hod 
derived froiii foriaer experiments; and have suggetited additional experiments, the 
reaolti of wliicb will tend, I trust, to remove some obsearities and ambigoities which 
were left in my fbrmer commanications. 

2nd. By following out these principles I shall be enabled to offer some practical 
remarks upon the different forms of voltaic batteries which have been brotij^'ht for- 
ward to assist the speculations of the active inquirers, who, in the present day, are 
so eagerly engaged in applying the voltnc fon» to the lervioe of the ar^ 

8rd. I wish moat particularly to explaiii more flilly the principles of the cylindri* 
cal arrangements of the battery whUsb I have introdnced, and whidi appear to me to 
have been greatly misunderstood. 

I am desirous, however, that you should understand that I do not present the fol- 
lowing observations for the purpose of testing the law in question, or of determining 
otmstantB connected with the fonnnla, for that could only be satisfactorily eflfected by 
experiments of a mnch more delicate and accarato nature than those to iriuch I shall 
have to refer ; but with a view to show how generally the law applies, even to the practi- 
cal results of operations carried on upon, miglit be called, a manufacturing scale, 
in which disturbing influences are nunierous, and in a great measure uncontrolable. 

Professor Ohm has adopted (I believe that you will concur with me in thinking, 
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unfortunately) the contact theory of the electromotive force ; and although his for- 
mula IS easily adapted to either of the two rival views, it is perhaps necessary, in 
selecting the ehemlcal theory, that I should define the exact meamng' which I attach 
to his symbols, and explain the cxpamiona which I think it necessary to introdnoe. 
The formala, you will remember^ is 




wlieve £ represents the eiectroinotive force (so called) in the cell : R Hm redslances 
in the cell : r the araount of exterior resistances : A the effieetive foro^ measnced by 
the work performed. Now according to thecbemical view, E mast be the balance of 
several active forces in the cell. 

1st. The superior ulHuity of generatmf^ plate for the anion, of the electrolyte, 
which we will designate by B. 

2nd. The inferior affinity of the condiwlnig plate for the same onwn, which we irill 
calU. 

3rd. The affinity of the cation, disengaged from the electrolyte and accumulated 
upon the conductinj^' plate for the anion, this we will call : these two last tend to 
produce polarization, as it is not very appropriately called, and a current in the op- 
posite direction to B ; therefore 

E=B- (A + «^), or 

R, the resistance in the cell, varies directly as the thickness of the electrolyte (or the 
distance hetu'crn the generating and conduetinf|f plates), and invwsely 88 the 
area of the section of the electrolyte, & ; therefore 

R = -g . 

r represents all the exterior resistances, whether metallic or dectrolytic. In the 
rnetallir parts of the circuit, it will be inversely as the area of the section (i. e. tlie 
square ol the diameter) of the wire s, and directly as the length /, or diistauce through 
which the current passes. In electrolytic work this metallic resistance may gene- 
rally lie (fisregarded } the lengths of the connecting wires being insignificant with 
regard to the resistance of the dectrdyte. This latter will be inversely as the area 
of the section of the dectrolyte, and diredfy as the distence d between the elec- 
trodes: therefore 

r=--|-7- 

But we mast now inquire particnkriy what it is we mean by the section of the elec- 
trolyte. The limits of the section of the metallic condoctor are strict and easDy 

* Tlieiwhttlicerfe>dtKqiikl»apwSfc.«addB|i<aadiii^ 

(rf a solution V ^nd the trmperntiliT r tbCK dKaBMUeeS iw —ajwinp amwtm^ it mUa h Mn««miit; —li {■ m 

couisidered in this review of the formula. 
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flotermined ; but, takiiu' into consideration the dilTustve nature of the electrolytic 
t'oi*ce, and thrr wide spread or that polarization of the particles of an electrolyte which 
we have traced upon a luniier uccasioa to the buck surface of a couducting plate 
opposed to a mere point of genenting melat*, it ]» more difficult to define the limits 
of its actioa so u to SBtbfy the condttions of liw/ormula. 

In a cell composed of a plate of generating metal with a conliir fin<: plate of equal 
dimensions, ttie interposed eleetroh-te only wetting the opposite faces of the two 
metals, the area of the section of the electrolyte will clearly be equal to the area of 
tbe acting surihce <rf the eonducting plate. In case the two metals should be im« 
inersed in a trongh, in sndi a manner as to allow of the electrolyte being in contact 
with both sides of the plates, it is also probable that the action of the back surfaces 
mig'ht be disregarded without dantrer of material error in otir calcnlations, although 
we know in fact that they would not be wholly passive. Up to thi5 point, there- 
fore, there is do difficulty in the application of Ohm's formula. 

But how are we to determine the area of the section of the electrolyte, when tbe 
anrihoes of the generating and oonducting plates are not eqnal ? as^ for instance, in 
the case of a rod of sine placed nnthin a cylinder of copper. Is it referrible solely 
to the snrface of the conductiug plate f Or is it limiterl by the mean of the surfaces 
of the two plates ? The experimental investigation of this point, although the final 
result is extremely simple, has cost me much labour. The apparently unlimited 
spread or radiation of the force from a pmnt of gmerating metal o?er an indefinitely 
large surface of oumlucting metal, strongly suggested the first conclusion. This was 
moreover confirmed by the following consideration, viz. if we take the mean section 
of the electrolyte iis determined by the mean of the surfaces of the two metallic 
plates between which it is included, it id clear that the i-esult ought to be the same, 
whether the generating or conducting metal be the larger of the two. A rod of 
copper placed within a i^linder of sine, ought to circulate the same amount of force 
as a rod of zinc placed within a efinder of copper; tiie dimraonons in both cases 
being respectively the same. 

Now the results of a vast number of experiments, some of which 1 have already 
submitted to you*!", seemed to prove that, so far from this being the case, the amount 
of foroe is reduced one-half when the lines of force are made to comrerge from a lai^ 
generating surftce towards a small conducting one ; instead d lUverging in the con- 
trary arrangement, from a small generator to a large conductor. 

These experiments I have af^atn repeated, and when I made use of •^nlphate of 
copper in dilute sulphuric acid as the electrolyte, with the same gencrui residts. 

The impossibility of reconciling this with tbe law, and the necessity of determining 
a pomt of such fondaroental importance, together irith a certinn dcsree of nnsteadi- 
ness of action in the experiments, induced me, at length, to change tbe deetrolyte 
for one which would be Ion liable to alter its condition during the progress of the 
• ndkMopltol T^wiwetioiH, 1688« Put I. p. M. t lUA.. pp. 41, 49. 58. 
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observations. The arrangement which I adopted ms that of hoUow oyUndcn cf 

amalgamated zinc with platinum wire, and wire of amalgamated zinc with platiDimi 
cylinders, all of L'tjual lieirhf s and the electrolyte in contact with the zinc consisted 
of standard dilute sulphuric acid, separated by a porous tube from strong nitric 
acid in contact ^th the platinnm. A Bmoubt's thermometer, adapted to the par- 
pofles of a galvanometer*, was selected at a measure of the eOfects. The Mowing 
Table exhibits the results :— 



Tablb I. 



DUmeler of Zinc 




D«g(«ei of 0*1 WMMaetcr. 


W{|« 

wire 

1* 


wife 

?! 

wire 


SJ^ Mcuof tlwMobMrvttfaMU. 
S65 Mean of thm oliaervitiooi. 

879 

873 


870 Meut. 



The needle always returned after each experiment to the point from which it 
started. There can be no difficulty in taking these results as sensibly equal ; and it is 
therefore evident that a wire of platinum placed %vithin a cylinder of ziuc, established 
a current of exactly the same force, as a wire of zinc placed withiu a cylinder of pla- 
tinnm of equal diameter. Hence we may conclude thai the area of the efficient 
section of the electrolyte is the mean of the opposed ftoes of the metal pfaites. 

But how shall we aeconnt for the contrary results with sulphate of copper as the 
electrolyte, which were carefully made and g^reatly varietl, but wliich always gave a 
consistent result of about one-half tlie force when the conducting was very small in 
proportion to the generating surface r 

, By substituting acid sulphate of copper for nitric add in the arrangement jnst 
described, and careAdly attending to the progress of the experiment, the exfdanation 

became obvious. 

When the platinum wire was placed in the porous tube in the centre of the zinc 
cylinder, upon first connection with the caloritic galvanometer, the needle advanced 
to 83° ; but almost immediately b^an to return till it reached 28°, at which point it 
remained stationary. When the wire was withdrawn it was found coverni with 
copper in a spongy or pulverulent form. It was wiped and replaced, and the needle 
advanced to H.V\ hut immediately began to retrograde and fell again to 28''. This 
proee<« was rrpi nted many times, and always with the same result. If, while the 
galvanometer was at it!» highest point, the wire was moved about and the liquid 
kqvt in a state of agitation, the needle remained steady for a longer time; hot when 
the wire was left at rest, the needle always receded. 

• niiloHfUcilTVMUMAkwi, imik4^^ Thu iarinuiwt ji nM diMltttdytobcdajMaded opoavlin 
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When, on the contrary, a zinc wire was placed in the porons tube in the centre of 
the platinam cylinder, dtuged with the solphate of copper, the needle advanced to 
99^ Dpon an average of three experiments, and then remained qinte steady. In thi« 

case, tbe precipitated copper was equally 'diffused over the surface of the platinum, 
and constituted ;i compact layer firmly attached to the plate. There can be no doubt 
that it is this ditieteuce in tbe state ut tbe precipitated metal which gave rise to the 
diilerence in the resolts of the two arrangements. In the last emt, the electrolyaie 
of tbe liquid waa carried on without tbe diaragegcment of any element teudSng ma* 
terially to produce an opposing current: while in the fii-st, tbe i^pongy state of the 
copper retained the liquid within its pores ; wliirh, after the precipitation of all the 
sulphate of copper which it coiUaineil, generated hydrogen, which was equally en- 
tangled in it, and produced a strong opposition to tbe current. The amount of this 
oppontion is defiidte, and of nearly half the f<M«e «i the principal current ; and hence 
I was led to the erroneous conclusion regarding the rdative sins <rf tbe generating 
and condacttng plates. Taking tbe measure of the force at tbe first moment of 
making the contacts, ttie results sufficienUy confirm tbe conclnuon drawn from tbe 
experiments with the nitric acid. 

I once uiui't; tested the hypothesis, that it is the mean section of tbe electrolyte 
which regulates tbe current, and that it is in^lTerent wbettier the conducting or the 
generating metal he tbe lai^r ot the two plates, by measuring the chemical results 
produced. For this purpose I weighed tbe amalgamated zinc cylinders and rods 
before and after tbe experiment, and ascertained the consumption of metal for inter- 
vals of luilf an hour, during which the circuits were closed. The conductiog metal 
was copper, and the rods half an inch in diameter. The electrolyte was sulphate of 
copper and dilute sulphuric acid, and was lu^t agitated during tiie immersion of tbe 
copper rods. The results are set down in the following lU>le : — 



Tabu II. 







Loa of Sm to Sdi^ BtaiilH. 
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These results perfectly accord with the preceding. 

From tbe oonsiderBlion of the foregoing experiments, we are Isd to another import- 
ant rdation of the generating and conducting metab in tJiese cylindrical arrange- 
ments, to understand which, it must be borne in mind that the Snrfoces oi cylinders, 
of equal heights, are directly proportioned to their radii. 

Let us theretore imagine an indehnitely small rod of a generating metal placed in the 
axis of a cylinder of conducting metal of a given diameter, filled with an electrolyte; 
upon making contact of the two metals, a current would be established vi a definite 
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amouDt. The araa of the mean Mction of the electrolyte would be the area of a ey- 
linder |»iBced half way between the cylinder and its axis, or half tiiat of the cylinder ; 
and it would be the same whether the generating or the eondocting metal were the 

exterior of the two. 

Now the amount of the current ought to be the same whatever might be the dia- 
meter of the exterior cylinder, for the resistance occasioned by increasing the depth 
of the electrolyte, that is to say, by increasing the radios of the cylinder, is enctly 

ooaatnrbalunced by the increased conducting power conferred by the increasiBd area 
of the section of the electrolytf, and vlcf vn\a. Tlie results of the experiincnts con- 
tirin this conclusion ; for upon rcfcrcnix' to '['able I. it will be seen that cylindci-s 
of 1 ^ inch and 2^ inches diameter produced, under like circumstances, the same 
amount of cnnent ; and from Tbble II. we learn that o^indem of S| inches and 5| 
indies diameter had equal Inflnenoee. 

You may perhaps remember, that in my former communications, from some 
exfit'timont*! upon this point*, I had obtained some anomalous results which occa> 
sioncd nic considerable perplexity, but I have since Toultiplied oljservations suffi- 
ciently to ])lace the conhruiation of tiie law beyuud a doubt. 

AmoDgfrt others, I repeated the experiments with the buge battery of ten oeUs of 
four inches diam^er, in comparisoa with ten of 3| indies, and found the lesnlts sen^ 
sibly t!ie same. The origin of the error in my former observations I have been unable 
to detect ; but it is probably to be ascribed to some fault in the connections of the cells. 

The advantages of the concentric cylindrical arrangement of the elements of a 
voltaic circuit are very considerable ; both in the scientific analysis of its complex 
actions and in its practical applications. The absolute restriction of the influence of 
the metallic plates to one side respectively, and the known definite relations of their 
surfaces and diameters, render the necessary calculations for the former obvious and 
easv ; wliile for tlic latter, the reduction of the size of the ^-^eiienitin;^ luetal, and the 
largu quantity of the electrolyte which it admits of, give facilities for the maintenance 
of an energetic and constant current of force which no other arrangement can supply 
with equal dfect. 

I have already observed -f- that the position of the rod within the t^linder is imma- 
terial to the eflfects, and it is obvious, that wherever placed, their mean distances, and 
consequently the mean section of the interposed electrolyte, innst he tlie same. 

A Muc rod of half an incti in diujueter, placed ia the axis of u cupper cylinder 3^ 
inches diameter, produces a certain eflect, which is scarcely augm«ited in an appre- 
ciable degree by a second, or even a third similar rod placed in contact with it; the 
results of experiment were as follows :— 

1 rod = 2-2 

2 rods — 2*4 

3 rods = 2*5 

* Pluloaopiiiail TVnuactioo*. 18a». p. 90. t IW. 1638. pp. 44, 49. 
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£ach rod 8eparateiy would have haeu capable, in its position, of producing the full 
dbct of one ; hat each in» toveened the two others from the fiill aqiect of the 
oondnecing cyfindcr, and hat adight advantage wae gained hem the combinalkii 
by a slight increase of the sectkm of tiie deetrolyte, onoompensated by my increase 

of distance. 

I anticipated that, if each rod were removed as nearly as possible to the sides of 
the cylinder, so as to be equidistant from the other two, the screening influence could 
not take place to the same extent, and that a greatly-Increased effisct would he pro> 
dnced. A glance at the annexed ^gram will explain the differmoe of the two 
arrangemciits $ fig. l . representing a sectioa of the first, and fig. 2. of the second. 

Fig. 1. Fig. 2. 





Upon making the experiment, as in fig. d, irith the rods and c^rlinder of the last 

experiment, the result was increased to 31. 

I also tested the conclusion with the lar^^e battety of ten cells of four inches dia- 
meter, and obtained from single rods lU^ cubic inches of mixed gases per minute, 
and from two rods placed as near to tiie sides of the i^linden as possible, fiwrteen 
cubic inches per mtnnte. 

The law of the exact compensation of the greater redstance aridng from the in- 
creased thickness of the electrolyte, by the extension of the area of its mean section, 
is of eoui'se only niatheinaticall}' correct where the infrrinr wire is infinitely small, 
but practically the half-incti rods bear so small a proportiou to the cylinders which 
I have been in the habit of employing, that the results are not materidly aflbcted by 
their dimensions. When, however, the interior cylinders are enlaiged, the thickness 
of the electrolyte is decreased, and llie area of its section increased at the same time, 
and the drcnlating force rapidly augments. The results are easily submitted to cal* 
eolation. 



tiM. 



Fig. a. 
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Let (■ c, fig. 3, represent a sectiuu of a copper cylinder four inches in diameter, and 
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M an infinitely small zinc rod in the axis. Let tha area of the copper-plate be 100, 
the area of the mean seetioii of tiie eleetrolyte (m s) will be = 50. The distanoe 

of c from z, or the thickness of the electrolytL-, will be 2 inches. Let the rod x be re- 
placed by a cylinder of zinc z s, tvro indies in diameter, fig-. 4. The mean section will 
be increased to 75, and the thickness of the electrolyte will be decreased to 1 inch. 

The force would, therefore, be increased in the proportion of 50 : 75 for the first, 
and of 1 : S fiir the eecond : consequently, compounding the proportions, the foroe 
circoiatliig in the first arrangement wonld be to that hi the lecond as 1 : 3. 

In the preceding observations the cylinders and rods have been taken of equal 
heights ; when one is shorter than the other, it will be obvious, from a little conside- 
ration, that the decrease of length is equivalent to an increase of distance between 
the two. 

tig, 8, 



If 




Let c c represent a section of a copper cylinder, and a ar' a zinc rod of half its 
height ; in any action which may take place from the point of the rod s! to the lower 
half of the cylinder d, the distance between the metals d, or virtual thickness of 
the electrolyte being greatly augmented, the inflaenee ti the lower half will be pto- 
portiraally diniinished. 

In some experiments which were carefully made with the calorific galvanometer, an 
ainal^mated zinc rod was successively immersed in the electroljte in a copper cy- 
linder inches high to the following depths, and with the i-esolts set down in the 
Table :— 

Lei^h of Zioe. Dtgim (dtrngoMtW. 



\ inch 7 

I inch 19 

I inch 35 

1 inch 49 

H inch 67 

3} inches 97 



In a copper cylinder, twenty-one inclies in height, charged with dilute sulphuric 
acid and sulphate of copper, an amalgamated zinc rod lost 5 J'5 grains in five minutes ; 
a rod ot half the length lost in the same time 26* I grains. In a similar cylinder, six 
inches in height, charged in a dmilar manner, a sine rod of equal length lost 12 
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gruiw; a rod of half tbelaigtb krt 6*6 fpaSm in the BBme time. The molts, there- 
Son, of each cylinder may betalcen as directly proportioned to tbe lengths of the rods 

immersed in them. 

Let us now turn from the consideration ot simple circuits, and examine the law of 
a series, or of compound circuits. Ohm's formula for these is 

11 K _ . 

in w!)!c]i V represents tbe number of the series. 

i\o\v so loug m tbe external resistance (r) interposed in tbe circuit is merely me- 
tallic, the expression accords strictly with the results of experiment ; and by doobling 
tiie number of cells at tbe same time that we dovble the efficient sarfiuse In caeh cell, 
we obtain an effect exactly double : thus by the formula 



8«E _ 2« 



since in douWing the surface in each cell, cceterh partbtu, we halve the resistance. 

When, however, a voltameter or other chemical resistance is intcrj»oi?ed in a cir- 
cuit. Ohm's formula will not hold, unless the opposite electrtttiiotive force whicli 
arises froui the decompositiuu of tbe electrolyte, and consequent uccuujulution uf 
ions upon tbe electrodes of tbe decomposing cell, be taken into considemtion. This 
is of tbe same nature as the contrary electromotive force in the cell which we have 
already pointed out and designated by t/ in the formula E = (B — A — e*). Proftssor 
Whbatstone, from a series of experiments made conjointly with myself, with my 
battery, and published in my tiftb letter to you, inferred that, if this contrary tkc- 
tromoUve force be assumed to be constant and be represented by e and introduced 
into the formula, thns 

E - e . 

tables might be calculated which would represent, approximatiTely, tbe quantity of 
deoompoeiti<m for any number of cells of a given battery, while tbe resnlts obtained 

by regarding the voltameter merelyasa resistance, ari, it is evident, widely at variance 
with the tnith. Professor Whkatstonk devised (he following simple means to deter- 
mine, on this supposition, the values of this contrary electromotive force, and of 
tbe added resistance, including that of the voltameter, without having recourse to 
any other measuring instrument than the voltameter itsel£ To obbdn the value of 
tbe contraiy electromotive force, he compared two experiments in which the resist- 
ances remained tlie same, while the sum of the electromotive forces alone varied. It 
is obvious that, if therp pyi^tf.,! no contrary electromotive force, the measunM! cfTcct 
in the two cases should be simply as the number of elements in the series cniployeil. 
A battery of five single cells sboidd iiave half the power of a battery of ten double 
cells i but instead of this the eliiMits measnred by the voltameter were as 6 : 90. 

lOE-e 5E-<f ^ , „«.*T- 

10^^ — • &A + r '' 20 : 6, whence e = 2"8o7 E. . . . . (a.) 
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The value of r in the formnh, i. e. the raistanoe wbidi the Toltametcr and cooneetiiig 
wiiet add to the circuit, will be ascertaioed in the following manner. The comparison 

was made with two batteries, one single and tlie other double, of ten cells each ; the 
sum of the electromotive forces, therefore, remained the same, while the residtanoes 
only vaiicd : 

IDE — 0 lOB — e „ 

; • Tor ' * 12'5 : 20, whence r = 3 333 R. . . . (^.) 

Substituttng the values thus found in the general fonnala ^^^71 he obtained the 
fioUowiDg re6ult8»<- 

Number ofceUe .... 3 4 5 10 15 20 

Quantity of gas calculated . | H ^ l^H 16tt 17H cubic inches. 
Quantity of gas observed . . U d| 6 13| I6| 17i cubic inches. 

The existence of such a contrary cU-ctromotive fbiwe» and Its great energy, are 
amply attested by connecting,' the platinum plates of a voltatneter, which has been 
some time hi action, witli a ralvanoineter ; but I purpose to show the general ugret- 
ment of the amended formuia wiih the retiults of various and aiost trying combina- 
tions of diligent batteries, many of vhich were obtained without the slightest suspi- 
don of the condorions which might be derived Irom them. I say gtmenl agree- 
ment, for the extremely complicated nature of the actions to be measured, subjected 
as they were to the necessarily variable infltience of circumstances affecting them, the 
lar^e scale upon which the experiments were carried on, and the roughness and im- 
perfection of the modes of measurement^ would necessarily preclude the expectation 
of abeolnte acearacy. The remainder of the experiments, already published In my 
fifth letter, made with circuits which contained an equal number in series, but in 
which they were combined as double, treble, ([uadruple cells, &(•., do not furnish re- 
sults according with theory so well as iniglit iiave been expected; tiiey were therefore 
repeated with great care, and combined in various ways. The details of these ex- 
periments mil prenently appear. Tbe first a^ws was made with a constant battery 
composed of copper cylinders, six inches htgh^ 3} inches In diameter, charged In the 
usual way with dilute sulphuric acid and sulphate of copper. 

The first thitisr to lie done was to determine the value of e in these combinations in 
tbe modified torniula, by comparing the results of two arrantfemcnts in which the sums 
of the electromotive forces might vary, while the resistuuee remained the same. Thu^ 

Cubic iocliea. 

5 E — c 

in five biugle cells, ffT+l- ~ '^'-^^ ^^y experiment ; 

in ten double cellar i^-jn — s 33*7 by experiment ; 
— +' 

therefore 5£— e:10£ — ll^SS : 33-7* or es 2*49 £. 
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To determine the value of r in the formula, vre might compare, in a similar 
loanner, as pointed out by PMfcMor Whiatbtonb, the ceialta of two Brranfements, 
in which the eleetromotive forces bdng equal, the resietancet in the odli alone sbovld 

vary. As. however, from the complicated nature of the arrarigeinents, and the varia- 
bilitv of diflferent inBuential ( imntistances to which I have before alUidL'd, I found 
it impossible to obtain two pcrtectly uncxcpptionable I'esults for the cofnijarison, I 
thought it uilowuhle to take the meuu of several ; and from this I found that, with a 

voltameter wiioee platinam platen are three iochei in length by one inch in width, 
a qmrter of an inch apart, and chai^ with the standard dilote sulphuric acid, 

(sp. gr. 1*126), r = 0"541 R in a constant Ijaltery of the dimensions just described. 

Now if a sincrle cell of such a battery In: taken and the rirruits closed by a ^\mvt 
thick wire, and the zinc rod forming the generating plate of the arrangement be 
weighed at intervals of five minutes, it will be found to lose 1 1*26 grs. for every such 
interraL This is a measure of the effective force of the circait ; and its equivalent 
in mixed gases is 25 cubic inches. This will be taken as the unit of woris in the 

TViUe that foUom, i. c. = l), and the calculated results for Hxt diflferent com- 
binations will, in the third and fourth columns, represented in fractions of this 
nnit. 

It is evident, tliat the amount of zinc, dissolved in such a single c»rcult» fbrnisbes a 
measure of the maximum wodc that any number of such cells, oombbed in a sing le 

series, would be capable of performing ; for -g- a A, and j^-^-^ can never be greater 

E 

than however great the value of n may be, so long as r has a positive value. In 

other words, however great the nuiiilier of cxAU in a series, it is impossible, so long 
as any external resistance is ipterposed, that the result should be greater than that of 
a single cell in which no exterior resistance is opposed ; although when r is very small 
when compared with «• R, the resolts may be virtually equal. 

If unity be taken to represent the maximum M ork that any single drciut can pro- 
dnoe, then £ will he represented by 1, and R also by 1, and 




It is evident that iu an effective circuit R can never equal £, but for the convenience 
of calculation it may be assumed to be so; and as all the quantities in the nume- 
rator are compared with E> and all in the denominator with R, the rdative propor- 
tions will be exact Tslcing the formula 

n R + r — 

If £ = 1 and R = 1, then e = 2*49, r = 0 541. Substituting different numerical 
values for we obtsln for 

u2 
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4 single cells, 
4 double Cttll8> 

4 treble cells. 



4 quadruple oelb, 



4 quintuple cells, ^ 



i single oeUs, 

5 double cells, 

6 treble celb, 



Squadraplecells, J 



10 single cells, 



15 single cells, 
20 single cells, 



4-M9 




1'51 


4 4- 0-S41 




4*541 


4-8'49 




1-51 


4- 4 0*541 


= 


2-541 


4~»49 




1*51 


4- + 0'541 

3 






4 - 2-49 




1*51 


■J + 0'»41 




1*541 


4 -2^9 




1*51 


4 +0-541 




l-Ml 


S — 2-49 




2*51 


S 4- 0'64l 




5'541 


5 - 2-19 




2*51 






3-041 


6 — 2-49 




2*51 


1 4- 0-541 


_ 


9*S0tl 


5 - S'49 




2*57 


|- 4- 0-541 




1-791 


lO-S-49 




7-51 


10 4- 0«41 




10-541 






7-51 






5-S41 


15 - 2-49 




12*51 



CilctilitoQiu 

Cubic incim. 
= 0*3325= 8-31 



0*5943 = 14*86 

= 0-8071 = 2017 
s 0-9709 s 34*$ 

= 1-126 =28-15 

s 0-463 is 11-83 

= 0-8254 = 20-63 

s«M37 98-49 
= 1*401 s 36*04 



15 4- 0-641 

20 - 2*49 



= 1*355 = 33 88 



_ 17*51 

90 + 0-541 ~~ 20-541 



= 0-8524 = 21*31 



7-6 
137 

21 

25*6 

30 

11-96 

20-5 

28'7 
36*9 

15-7 

337 

18*7 

22. 



The agreement of the calculated and experimental results under such complicated 

circumstances, as shown in the last two columns of the preceding Table, must, I think, 
1)1' (leemcd very satisfactory; and it is \rorfhy of remark, that the result just named, 
of the independent experiment with the single cell, 25 cubic inches, is almost iden- 
tical with that deduced from the experimental determination of five cells ; taking 
1 1*95 cubic inches to represent accnratdy the fraction 0'463 : and indeed agree very 
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clo&ely \vif!i thr (-alciilated results uf the above Table, whatever combinatioa be taken 
afi the fuuudutiou of the calcuiatioD. 

Ia the eipoimeiitt alveady alliided to, wliidi I perinriiwd in, oonjuiustioii with 
IVofeswr WBiAiaroia, the o^b of the battery need were of the same character as 

the last, but with an efficient length of 20 inches, or 8'33 times greater. The dara^ 

tion of each experiment was in thi.s case one minute. 

Upon making' the caJculations for these, K beiii^ — 1, II = 1, cwas fonnd = 2 S5, 
by comparing the resulUs of live single with tho^e of ten double cells ; and r (^by u 
mean of seven eiqwriments) s l'7o7- Hence we find. 



5 - 2*85 




2-13 


5 + 1757 




6-757 


S - 2*85 




213 


J + 1-7*7 




4-257 


5 - 2-85 




2-13 


y + lW 






5-2*85 






|-+ 1-757 




S-007 


10 - 2-85 






10 + 1757 




11*757 


10 — «-8S 






V" + >w 




6-767 


80 — 3-85 




17-13 


SO + 1 757 




21757 



- — - * Id '"^bic indie*. Oubleii 

5 single cells, r+Tfij " 6757 =0-3182= 7-31 6 

5 — 2*85 2-13 

5 double cells, ^ i^^K^ =0-505 =11-59 11 

J + 1-7*7 

5 2*85 2*13 

5 treble cells, ^ — = = 0-6281 = 14-4 14 

= 0-715 = 16-44 15-66 



10 single ceUs, Y^TvSi = = = W-OS l^2S 

= 1-058 = 24*33 20 



» 07888 B 18*55 17-35. 



These results again exhibit a general accordance with the celeaiation, but by no 
means so close as the preceding. I was therefore induced to repeat the experi- 
ments with great care. The following Table shows the results, which it will be seen 

closely correspond with those deduced by the fornmla. 

By a mean of fourteen experiments r was again determined to be in this battery 
1-725 R. 

Taking, as before, E = 1, R = 1, ande= 3*40, we obtain from 



5 — O'^i Cubic inches. Culne 

5 single oell8» s + 172$ = gga? = ^^7^^ ^ 8*68 8-875 

5 _ 0-49 '>'5l 

5 double cells, -r =^225 = 0-5941 = 13 66 13-5 

•5- + i-7«s 
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5 treble cdiA, 


6-9^9 

y + iras 


Cnbic inches. 

= 8^1=^73» = 16-97 


Cubic inchw. 

170 


fi niMiil Hinfat «»J>lla- 


5 - 2-49 
I" + 1'725 




bO>84S7= 19*4 


30*0 


10 flingle cells. 


10 - 2-49 

10 + 1-725 


7-51 

~ 11-725 


= 0^08 8> 1473 


15*36 


10 double celb. 


10 — 2-49 
^+ 1-725 


7-61 


= 1*116 saSiSB 




20 single cells. 


20 - 2-49 


17-51 


r= 0*8063 B 18*54 


18*00. 


20 4- 1-725 


~ 21-725 



The maximum work of a single circuit of tliis battery ^"as found to be 9 95 grs. of 
zinc per minute, which is equivalent to twonty-threi- cubic inches of the itnxed gases. 
A biniilar agreement of this independent result vvhicli has been taken as the unit in 

the preceding table ^for ^ = with those which would be attbrded by any com- 

l)ination of cells taken as the foundation of the calculation may be also observed, as 
in the case of tlie table deduced from experiments witli the smaller battery. 

When u number of cclb of difTerent power are included in the buuie circuit, the 
ecprenkm beoomes 

hE_+ «'E|-f _ 
(» + »')R + r — 

supposing that R remains tlie same as in the regular circuit, and E' represents the 
electromotive force of the new element, and n' tbe number of tbe new elements in- 
cluded. 

It will fuither, on a little connderadon, be obvious why a inlf-«iiic rod may be 
substitated for a wiiole one in a series, without any perceptible diminvlion of the 

efiect, as I fun ml upon a former occasion *. The effect of diminishing the length of 

the rod is principally to increase thr distances between the metals, as the dimensions 
of the mean section of the electrolyte will scarcely be altered, owing to the compara- 
tively small snrtiace of tbe generating metal, even when entire. The general formula 
will then become 

»E-c _ 

n' R -t rr" IV f r " 

when n' represents the numher of ordinary zinc rods, rr" the number of shortened 
ones, and R' the inci-cased resistance ofl'cred by each of the latter. 
The mean distance brtween tlie metals willj perhape, be increased one-third 

• naoMfUail'naDnclkiu, 1836. p. 127. 



.i^.o uy Google 



PROPBSSOft OANIELL ON VOLTAIC COMBINATIONS. 161 

tiahinf tbe length of the siaei and the renstance R preeented by that cell, varpng 

directly as the distance, will be 1^ instead of one. 

The formula, therefore, for 20 amali cells with 19 ziac rods of the oidinaiy size, 
and 1 short one, becomes 

19.H M + »S41 = iO^ = 

instead of 

80 4 0-541 - mU ^^^^ 

when the linct arc all of tlic full length. 
Tlma with a small series of five cells with entire rods 

a - 2-49 2-51 ^ vj 1 1. 

5+0^1 = 5liT = 

with four entire rods and one half rod, 

5 2*49 8*51 

4 + l'3S + 0>541 = M7i - 

the dillisrenoes not being appreciable in the nsual mode of measnrement. 
In an arrangement contusing one or more revened cells, the formula becomes 

(n - E -J _ 

{» + ri') R ^ r"^ 

where n' represents the number ot reversed cells. 

My fifth letter contains the results of experiments with the battery uuder such 
circnmstanees. Upon comparing these results with those of the formnla just ^ven, 
the discrepancies were found to be constant and oonsiderable ; soch however as might 
be accounted for by supposing that each reversed cell introduced, in addition to the 
reversed current, an extra resistance. ll\wn searching' for this resistance it was 
proved to exist, and its cause manifested by the following experiments. 

Ten small cells, charged in the nsnal manner, were arranged in series, including a 
voltameter, and an additional cdl with a simibtr ebaige$ substttoting a copper rod 
in the interior for one of auic. 

In four minute"^ seven enf*'!" inches of gtis were rollected in thr voltameter; the 
action then suddenly (ieelined in iuten;?ity, and in the next four minutcJi only cubic 
inches uf gas were given oif. Upon exauiining the copper rod it was found coated 
trith a film of oxide: this was inped off, and a bright metallio snrfooe was again re- 
posed, and on onoe more connecting the batteiy, seven chMe inches of gas were given 
ofl^as before, in four minutes* Theqoaniti^ again declined. This was several times 
repeated, and aluavs with the "same general restilts. It is hence e\'ident, that 
when copper is made the zincode in the series, a layer of oxide is deposited upon it, 
which is not immediately dissolved by the acid, and offers a i^tstance which will 
vaiy aocordiuf to its thidmeas; and this again wQl much depend upon the rise of 
thetncfocei 
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This is, moreover, not the only point for consideration ; for it is probable that tUe 
hydrogen aecuuiulut«d upon the zinc of the reversed ceiLs would exult ita electro- 
motive force, 80 that — E would be someirhaft Increaaed ; and upon making^ the cal- 
culation upon theie amended data the formula beoomei 

nE — n'E'- e >,E - n' E' - e 

{n + n')R + r + n'r' — ^' n R + RT+T' 

taking in the first formula r* to represent the additional resistance introduced by 
each reversed cell, and in the second R' as the total resistance in each reversed cell, 
and £' the increased electromotive force in each of the same reversed celU. 

In the foltomng calculation £ = J , R s l, e s 9*85, r = 1 725, » 1*1, s 0-5. 

It it assumed that r' is a constant quantity, which may be pret^ accorately true 
when the copper surftoe is so laife in relation to the sine as in the present case. 

Galcolttkn* i t » | f H ii f nt, 



20 direct. 


20 - 2-85 
20 + 1725 




17-05 
21-725 


Cubic mchfla. 
= 1818 


CttUeindMi 

17*5 


1 reversed. 


19 - 2 S5 - 1*1 

20 + L t 2i -^OrS 




l&'OS 
92-^ 




16*67 


16*6 


2 reverKd, 


IS - 3-65 - 2-2 




12*96 




13-1 


1275 


ao + 1-735 -I- i-o 




22*275 




3 reversed, 


17 -2*85 - 3-3 




10-85 




1074 


BO'S 


20 + 1-725 + 1-5 




23-225 




4 reversed. 


16 - 2-85 - 4-4 




8*75 




8*48 


8*5 


20 4- 1*725 + S'O 




23*275 




5 reversed. 


IS -»8S~6*5 




MS 




6-31 


5-6 


SO + 1*725 + 2*5 




24*225 




6 revei&ed, 


11 — 2'85 — 6-G 




4-55 




423 


3-5 


20 + 1-725 + 3-0 




21-725 




7 reversed. 


13 - 2-M - 7-7 




2-45 




2-28 


1-62& 


90-1' 1*725 + 5*5 




35*225 




8 reversed. 


12-3'85-S-8 




0*59 




0-31 


1*16 


80 -i- 1725 + 4'0 




35735 





The Bgrement of tlie nperiments with the <»Iculation8 is not as close as before, 
especially in the lower part of the table, but may I think be deemed satisfiictory, 
as a first approximation to the solution of a problem of a most complicated nature. 

The influence of the dimensions of the plates oi a voltameter upon the amount of 
decomposition may also be submitted to calculation in the same way. lliis influence 
will, of course, be most percqitible when a small number of dements presenting a 
large surface is employed ; whereas, when a nnmeroos series Is made use of, the di- 
mensions of the electrodes are of little consequence. Some experiments which I 
have made with a lai^e voltameter, kindly lent to me for the purpose by Mr.GASsior, 
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mil place this in a striking point of yiew. The voltameter condited of five pairs of 
platinum plates, each foar inches by 3| inches, at an average distance of half an inch 
apart. These were so arranged that any nninber <^ them might at pleasure be con- 
nected with a battery 

2U cells of the 8iiiuU buttery were so arranged as to form a series of 6 quadi upie 
cdls, and then connected with one pair of plates of the voharoeter. By a mean of 
two experiments they gave 26*3 cubic Inches 4^ gases for five minutes. 

Vnien all the plates of the voltameter were connected with the battery, the product 
of gases for five minutes was 32 cubic inches. 

The ?ame battery arranged to form a scries of 20 single ppIIs, furnished with one 
pair uf plates 16 cubic inches, and with all the plates the result was the same. 

Now by experiment, if E = I, e = 2'49, R s 1, r b resistance with one pair. 



20 with one pair = ~a o" ^- "r" ~ 20+7- ^ ^^^^^ inches. 
30 with five pairs = r- = r = 16 culric inches. 



(3.) 
(4.) 



20 — 2*49 




17-51 


90 + r 




80+r 


SO -9^9 




17'51 






90 + 1. 


S -3-49 










14S + r 






5 - 2'49 




2-51 


4^5 




1*85 + .1 

9 



(2.) 

4 quadruple with one pwr = 'j. = l-^^ r ~ ^^'^ cubic inches. 

5 — 3*49 2*51 

5 quadruple with five pairs = -s — — — » 33 cubic inches. 



Since the electromotive forces in the two last expressions are the same, we can, by 
comparing them, ascertain the value of *: Thus 

1*35 + r : 1*36 + y 32 : 26*2 

18125 1 , 

r = -52:5- = y nearly. 

Now substitiitini,' this value of r in the expressions (1.) and (2.), and adopting the 
experimental result of l<) cubic inches, we obtain for 

Calculation. 

17.51 

( 1 .} the fiiaction ^^.^^ = 16*2 caMe inches. 

17*51 

(2.) the fiwtlon ^g;^ s IS-O cubic inches. 

The calculated results it will be seen almost coincide with each other, as do the ex- 
periments. 

By the Mih'^titutiun of different values for R and r in the formula, it will !»c found 
that evtM v dirterent arrangement must have a distinrt number in series, which it will 
be most advantageous to work with, and this number will vary in the same ari-ange- 
ment, with the nature of the electrolyte, and also with the nie of the battery phu«». 
It will appear from cidcuhition, that the most advantageous oomUnation is that in 

MDCCCXUI. X 
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which the vahie of A (in the formula ^ = a) most nearly approaches to 0-3. 

It wiii therefore vary even in batteries of the saiue chemical construction ; increasinj; 
as R dimimsbes in proportion to r ; w hi other words, when the plates are large, a 
more nnraerom aeries is required, than when small, to produce tlie most advantageous 
resnits. Tliis is likewise the case when the exterior resistance is increased: in lioth 

eases 11 is virtually diniiiiislied in respect to r. 

It h evident from the preceding observations, that all the tomparisoiis hitherto made 
by different experimenters between the general rehitive powers of different batteries 
are faulty, inasmuch as they only hold good in the particular cases to which tike ex- 
periments are limited ; and one battery of a certain sise may be preferable for one 
kind of decomposition, and yet may allow of considerable useless expenditure of 
power when a different ekH trolyte b subjected to its action. As, however, great 
stress has, by some, been laid on comparisons of this kind, it may not be ami&s to 
give a few experimental results. 

In the following arrangements the cylindrical form was employed. In each ease 
the platinum cylinders were 4 inches high, and 1| inch in diameter. Tlie zinc 
rods were half an Inch thick, the exciting fluid was placed in a porous earthenware 
tube 1 inch in diameter. Three cells \va«? the number employed in each experi- 
ment. The measures employed was the quantity of mixed gas produced from the 
voltameterdurjn|, .> minutes. 



Kucfior liquid*. 


Buiting lifoid*. (iu in tire minates. 


Nitric ttcid, Hpccitic gravity 1 '-lO 
Bichromate of potasii, specific gru\ it y 1 O.jO. . 

Bichromate of pota»h, ^ sulphuric acid 

Nitrate of copper, neubvl !>aturated solution 


Dilutf Huljilmric ;itid, (;|K!cific (gravity I'lSG 
nihito -ulplniric acid, specific (fravity 1'126 
Dil lie vuliihuric acid, ."pccific i^avity J '126' 
Dilute tiiiphuric acid. gjK-cific gravity ri2C 
Dilute Fulphuric acid, sjiecific gravity IMSC 
Dilate nitiic acid, specific giwdtf . . l'D56 


cubic incliM. 
.•50 
140 
3 1 
5 '5 
35 
8-S 



The eligibility of a liquid in the construction of a battery will, of course, be much 
influenced by its conducting power t and it would at first sight appear tluU tliis 
might be easily determined by placing the ditferent liquids, in succession, in tlie t>ame 
voltameter, or experimental cell, and transmitting through them a constant current 
of Icnown power ; measuring the retarding influence of each by another voltameter 
charged in the usual way with dilute sulphuric acid, and inelude<! in the same circuit. 
The following are the results of some experiments so performed. Tiie current from 
tea cells of the small constant battery was employed : — 

liquid tasted. Gu from voltameter in five minutea. 

Cubic beltM. 

Nitric acid, specific gravi^ 1*4 11 

Nitric acid + ^ sulphuric acid 11 

IKIute sulphuric acid (standard) 9*3 

Dilute sulphuric acid saturated with sulphate of copper . . 9*2 

Saturated solution of sulphate of copper 7*9 

Bichromate of potassa, specific gravity 1*050 d'6 
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Let OS bovever ccnudder time retnlti with refereiiee to the fonrah. The eipression 
for the anaDgement iiaed heoomes 

»K-e- 
II l{ + r t'' 

in which ^ signifies the rontiaiy electromotive force, introfltuTfi liy the accumulation 
of the ions on the piutes uf the voltameter containing the liquid tested, and r' the 
resistance offered by the nine. It ii dear that we cannot estimate r', which we are 
attempting, unless <^ is known or remains constant: now ^ is not constant, sUmc 
with nitric acid it vanishes probably a1togetli«>, and varies with each of the other 
substances em pin red. 

If chloride o[ platinum were not too expensive to allow of its being employed as 
the exterior part uf the electroiyte iu eoiilact with a platinum, conducting plate, 
or the contnary ^t^ramotive force would be wholly annilulated, as notlUng but 
platinum would be thrown down upon the platbom, and It wonld constitute the 
most perfect ^possible arnngemoit, but wonld not macb, if anything, exceed the effi- 
ciencv of nitric acid. 

In the nitric acid battery the electromotive force is nearly double that of the sul- 
phate of copper arrangement, and consequently one cell of that construction is capa- 
ble of ^feeting the decomposition of dilute sulphuric add. It is evident that a 
similar series of calculations might be made for this battery and others in wbieh dif- 
ferent electrolytes are employed i R varying as before with the sise and (tistance of 
the plates. 

I have, however, done enougli fur the uccucnpltshment of my present purpose ; but 
must not condude witibout expressing my obligatl<ms to my friend Dr. Miixna for 
bis able assistance, both in the performance of the experiments and the calculations 
of the resists which I have now the pleasure of communicating to yon. 

I reroidn, my dear FAUAnAV, 

Very foithfuUy yours, 

J. F. Danixll. 

King's College, 
12M AfrUf 1842. 
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IX. On the ultimate distribution (tf thf Air-pimmges, and the formation of the Air- 
cells of the Lungs. By William AnorsoN, Esq., F.L.S,, Member of the Rnifal 
College of Surgeons, and if the Council (f the fVortestcrshire Natural History 
Society. Communicated by IIouekt B. Todo, MM., F.ti.S, 

Received March 3,— Read April 7, 1842. 

The opinions of tnatomnts have been niiich didded as to the manner in which the 
bronchial tubes terminate ; whether the odis composing a lobnie of the longs have 

free comnianicaSMin with each other, ur whethci- each cell, without any sdch. com- 
munication, receives the inspin-il air hy a siiisjie bronchial rariiifiLatiori only. 

The latter opinion, dorived from the results of Reisseisskn's investigations, prevails 
Malhighi was the first to describe the air-vcMcles of the im^, and the air-tubes 
ending in than*. 

HiLViTius attempted to prove that these ihfoi^AuM vaieks were nothing more 
than common cellular tissue, diffused without order through the lungs, and that the 

air procpedintr thitlier throu£;^h the minute air-tiibei?, not only passes easily from cell 
to cell, but likewise from the lobules into their interstices, and finally diffuses itself 
through the whole lung. 

FLlllkr adopted the opinions of HaLViTiDa. "The vesicles of the lungs," he says, 
*'do not recdve the air by a single orifice from the windpipe as into an oval grape 
or phial, but the air exhaling from the least branches freely spreads from any une 
part of the Innfrs into all the rest, ant? rphims agmn in like manner-, neither is the 
cellular fabrit? of tiie intervals between tiie lobules shut up from tlie vesicles of the 
lung^, nor are the lesser lobes surrounded by any peculiar meiabrane-)-.'* 

RasBSBiSBaN, in his work De Fabnea P»lmomtmt dtsoouracs of the labours of his 
prsdcoessors, and refers particularly to the opinions entertained by Hblvbtivs and 
Hallbr ; and then, aided in his researi hes by a microscope, and by various methods of 
inflation and injection, he attempts to enntrovert them, and to prove that the cells in 
each lobular subdivision have no conimuaication with those of the adjoining ones, 
in the manner of cellular tissue. ** The air-cells/' he says, " are the cvls de sac termi- 
nations of the alr'tnbes> and are perfectly independent of one another^." 

* M . MALnoHi de Pulm. BfttrtoL 1 ml ad A. Bobiuvm, 1661. Eputah, 1. de Mm. PsIllMidl at tlie 

end of tiif Kxprcit. dc Vise. Stnirt, p. 5W, Sc. 

f Hallbb (Vom Aubbt), Elcmenta Pbytiologuc: Cap. Dc llcspinitioiiG, 

t "lode jn fcnle coUiptiir, ningwlM per palnramini fieiam TtriniTw, odlidam MUenm, cmm me ex- 

tremorum csnatictilnnim fines, en-iqiir indent! numero distribatH, lUMBiii iUam oonfieDe ^UK apaBUNB lit eat 
pluriffiia ooDtextue ccUulosua vidcbetur." — Op. citat.. p. 56. 
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CKUTBiLHnR and Majsnpib, however, dcacribe tbe air-celb as freely communicB- 
ting with each other, in tbe interior of each lobule ; but I am not aware that either 
of these unth()i-<; has given any detailed or minate description of tbe aeriferoas stmc- 

ture of the hiug*. 

Having been engaged in investigating by the microscope the seat and nature of 
taberdes in the ItuigSi and liaving examined the structure, recent and dry, in every 
possible way I could devise, I nevertheless always Anted to discover any /vAet ending 
in atb de tac ; on the contrary, I always saw air-cells communicating with each other 

in every section I n»ade. 

I therefore iTpeated sevpfal of Rrissrissen's experiments, anU instituted others, 
from which I derived ample evidence that the bronchial tubes, after dividing into a 
multitude of minute branches which take thdr coone in the cellular interstices of 
the lobules, Unmnait in their interior m inmehed mr-pa$tage»f md freely commum* 
eating air-cells. 

In a foetal iutj<r the bronchial ramifications in the interior of a lobule, or the intra- 
lobular ramifications -y, liave a regular branched arrangement, subdividing in all direc- 
tions, somewhat dictiutomously, and terminating at tbe boundary of tbe lobule in 
closed extremities. It is not, however, at the boundary of the lobule only that these 
dosed extremities or etUa de mc terminations of the intralobular bronchial ramifica^ 
tions are placed, many uf them may be seen in the interior of a lobule, lying against 
and pressing: upon the sides of the adjoining branches («), Plate XII. fig. 8. 

It is important to remark, that there arc no anastomoses to be seen between tbe in- 
tralobular bronchial branches; each branch pucsoes its own independent course, 
until it terminates in a closed extremity. 

Anatomical writers generally use the terms air-vesicles and air-cells synonymoosly, 
so that they are convertible terms; but strictly speaking, an air-vesicle is an air- 
bubbie, and may exist eitlier in or out of a pulmonary air-cell It not npros*:arv 
to tbe existence ut an air-bubble, that it should be contained in a uiembrunuus enve- 
lope ; hundreds «i them may not only exis^ but in any i>lightly viscous licinid amy 
even press against each other, without losing their figure or globular isolation. 

In a foBtal lung neither air-bubbles nor air-cells exist ; but when an animal respires, 
the entrance of the air into the lungs inflates all the lobules to twice or three times 
their foetal diraensiotis. and the intralobular broncfiiul ramifiatfions experience a 
great and important change both in figure and character. The delicate membrane 
composing them opposes, an unequal degree of resistance to the pressure of the dr, 
whidi is very considerable, and it is consequently distended into little i^obular Infla^ 
tions, forming a series of oommnnicating cells, which are immediately and perra»- 

* CnrvsiLun'f Anntom^, by A. Twxxdtk, MJ>., F.R.8., p. 089. Majiitsii's Leetuiei. 

t I htm iribptcd the appropriate ud now uniienally received terme of Mr. Kiekvan, which exactly ci|nma 

a very necessary distinction between the bronchial ramifications in the cellular intrr!-tici-!< of the IbIhiIm^ wbidl 
arc always tubes, and tbu«e in the interior of the lobules, whicb are tubular only in tiie foetus. 
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neatly oeeupfed by air>bobble8, in the maes of which all trace of the eyrametry 

of their branched arrangement is entirely loet or obscured. The rounded inflations 
of onf l>rfinoli uiecting on all sides those of the adioininsj branches, art' moulded by 
pressure into pentagonal or hexagonal forms, which are the figares uf the air-cells* 
fig. 9. 

Brmcbed passages, hovenr, still exlit, and form a oommnnication between the 
ceUs ; bat theae passages are now neither tubnkr nor cylindrical. It is therefore 
necessary to distinguish them, and I have called them LoauLAm Passaobs, an appro- 
priate term suggested to me by Dr. R. B. Todd. 

The air-cells have not an indiscriminate und general intercomniiinication through- 
out the interior of a lobule. I have before observed that there are no anastomoses 
between the Intralobular bronchial lamifieations; hence the lur-cells formed along 
the braneh (i), fig. 8, do not commnnicate with those in Uie branch (c), except by 
means of their common opening into a larger branch at (rf), and so on for each 
branch respectively. 

EjcperimaU 1. — ^Take a very thin section of inflated and dried lung, and submit it 
to an examination by the microscope. A great number of large and weH-defined 
Oval FoaAMiiNA, (a, a) fig. 1. with a sharp and ddieate edge, will be seen thickly dis- 
tributed among the cells. Frequently three, four, or five uf them (6, b) may be seen 

close together, and whiclicver way the section be madf, tlu-y are eqnally numerous 
and conspicuous. These foi;unin;i are evidently not portions of bronchial tubes, 
for they have no uniform cylindrical wall, which is necessary to constitute a tube. 
By gently altecing the focus of the microscope yon may kwlc down through the upper- 
most foramhua into the Interior of air-cells situated laterally below tbem, and several 
foramina and cells may thus be brought successivdy into view (r, c). 

Tliese foramina are portions of the lofmlar passages, and if the section be taken from 
the surface of the lung, including the pleura, they are smaller, and placed at more 
equal distances fiuui each other, than when made from the interior of the organ, 
fig. 8 ( which is mnetly the result that would accrue from a divition of branched 
passages, in the former case (fig. S.) appraaohing thdr terminations^ and in the latter 
(fig. !•) nearer the point whence the branches emanate. 

Experiment 2. — I injected with mercury a small bronchial tube in the Inng of an Ox, 
leading towards the thin margin of the organ ; the metal appeared at the surface, 
forming a mass of minute globules. Having made an incision in the interval between 
two lobules and inflated the oelluhir tissue, I was enabled carefolly to dissect away 
the pleura, and I then observed through a lens that the globules were contained in 
delicate membranous sacs, forming rounded eminences projecting iVoni the tissue. I 
then separated several lobules from each other, and saw tlie mercury ut the surface 
of every lobule, presenting rounded eminences siiiular to thoi<u observed at the surface 
of the lung. On examining these rounded eminences or globula in the mienweope, 
I perceived that the mercury was not indosed in a rimple sac or celt, but in a divided 
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or nmltSocttlar cavity. N«ir is it dilQcult to comprebeiid tlie character of these nroi* 
tilooular odls at the surface, when we conceive the nature of the structure of a lobule^ 

c onsisting of numberless small branches of a nunifieil tube, which t lie atmosphere at 
birth distf-nds into ccHs. The extremitie*! of tliese branches, cvolviii!: or shooting' forth 
under the pressure of the air, uieet with resistance and support fruui the adjoining 
lobules, and bdng as it were thrown bade upon tbeBisdres« form the mnitUoenlar 
cavities or cells I have described (b, <f) 8. WAONna's figure represents these ter- 
minal cdls only*. 

E.rprrlmrnf 3, -Having" inflated a ix'ccnt hmg, I cut off a small portion, and ox- 
auiiiad it as an npake object by the microscope ; I found all the oval foramina occu- 
pied by large air-bubblcSj other bubbles of various sizes occupying the surrounding 
cells. I then placed a very small piece between two slips of glass, which were so 
arranged under the microscope that I could gently and gradually press them together, 
still keeping the object (now viewed transparent) in focus. I then observed the air- 
bubbles changing their situation, not by roo\'ing equably through any tube or evlin- 
drical |)a^sagc, but by sudden stai-ts from cell to cell. I frequently saw a large 
bubble of air become compressed for a munient in passing from one cell to another, 
and sometimes divide into two smaller bubbles* one of which passed on to another 
cell, the other retiring to the spot firom which a momentary pressure had removed it. 
I have fre^MOtly watched a bubble of air pass through three or four c^bin succes- 
sion, the communication between them not being through a tubular passage, but by 
limited openings (oval foramina) leading from cell to cell. 

It does occasionally happen that a small portion of bronchial tube may be included 
in the object tbos submitted to examination, and if so, when the ghuees are pressed 
together, the air-bubbles gKde easily and readily through it. The bubbles of air 
formed in the lungs are of all dimensions, some large. <!ome small, and others so 
minute as not to measure more than joW^'' or iroo''' "f "••^''i dintnerf r ; tienee 
three, four ur more may occupy a single cell, and the heterogeneous adhesion be- 
tween them and the ttesue is so strong, that it is impossible to expel all of them by 
pressure. They may, however, be removed from very thin sections of recent lung by 
two or three days' maceration in water, and the pulmonary network is by this means 
rendered very distinct; and if such sections be carefully examined by a lens, lobular 
passages mat/ be seen partial^ laid open, disclosing a series of commvnicating ceils 
(a, a, b, fig. 3.). 

Bxperiment 4. — ^If the lungs of a Rabbit be allowed to maeenito tot two or three 
days, all the air-bubbles at the thin edge of the organ will be removed, and this por- 
tion assimilated to a fa>tal state. Having prepai*e<l a lung in thig way, I poured 

merrnry into the trachea, and allowed the metal hy its ov\ti weight to traverse the 
iiir-tnbes and psissages; it appeared at tlie surface of some ot tlic lobules in the form 
of little globules (a, fig. 4.), in otiiers us beaded or noditliited branches {b.}. By pres^- 

* Iconea PhysiologicaD, tub. xr. fig. S, 1839. 
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ing the mercury onward, these beaded branches became more and more numerous, 
flunller ones proceediag not only from the extninilies of those int aeeo, but shoot- 
ing- out from Uiem latenllf in all directions { hy oontinniBf a little gentle preesare, 

all symmetrical arrangement was lost in a mass of minute globulei These 
beaded l>ranclie.s evidently combine the cliaracter both of cells and pfissnjres ; each 
bead or globular inflation is an air-cell, communicating with others on either side in 
such manner as to form branched passages 

If the pleam be stripped off from the Intkg of a foetal Calf, the lobules may be 
readBly separated from each other, and thefar subdivisionB are carried to a great ex- 
tent. I have measured several flrom -jAf to ^th of an inoh oafy. The emallneas of 
the ultimate lobular subdivisions may also be seen by reniovine a small ctrip from 
the thin margin of a lung, and slightly compressing it between two slips of glass, 
figs. 5 and 6. 

Hie lobules havo an Irregular polygonal figure of from four to six aides : after re- 
spiration the sides are flatter, and the ai^cs sharpened by the pressnie of the adjoin- 

iog lobules. 

Experiment 6.— >I poured mercury into the lungs of a total Calf by the trachea, 

* Rbimkissrm waA the first who Doticed the globular distentiona or nodules formed on the extreme bronchiiil 
bra&che« when n lung is injected with mercury ; but he appears to have looked upon them as unnatural or ab- 
normal, produced by the w«ight of the metal, not considering that the weight or pressure of the air rushing 
inlo k litttad Inag i* much greater than the of wbj ealniui of aiCRaiy that woold nnutlly be eapkifed 
to inject a lun^. S]H!akiii)f of a lobule mjceted with mprcuTT, he obscircs, " Hffc falmcn clarius etirunntim pcr- 
«picietur, lobulo ejusmodi intra duas laminas vitreoa comprehenso, ac microscopic subjecto. Laminae autem 
qwdMUtenin aunt eoaprfiiuadft lit hydMig;^^^ 

latnr, Sic apparebit, cnnaliculos ad cxtremum us<[Uf marfrincm ccrto quodam ardinc, coquc can?tnntl«5imr servuto 
in ramulos cxcurrcrc, horumque diamctroe ad rationem procedentis ramificationis deciesoere, ijjMam vero in ra- 
oMik* dlvnionem ad imm adeo iaenhnaem, «t ex angidis enjoaqm nmuli lom mm diciuBqiiiMiMa prot*- 
niant, qui, hydrargyro impleti, quasi nodulos referunt ; denique extremos illorum fines bini blCHB «nd*n, Ut 
apeoiem tuitum globolonim dimidiatorum exhibeant ioatar brawiicie botiytidoa stipetorum. 

"Ne quia antem objioere posset, partes per se teMrrinaa hydnigyri poodcre extendi, idque ipsum, in globokM 
diacedere valde pronum, illusionibus opticis occationem due, aliud institui expcrimentum, quod, quum talei prse- 
cidat dubitationes, viamm s{>iritaliam fines clarius etiam armato ocolo tepneaeatat. Statui itaquc illas epiritu 
tantum impk-tas, nec ulla adhibita vi novo examini rabmitteie. Fblmooiein moqnamveoentisMmum, eumque 
tanciiori ax aoiinali cxemptum (vitulinue upinur optimus est) aqu» auluBaBi deindaq,Ba leponi juwi. Tim, 
snblatuTii jwst aliquot dies, quum demi»»o spiritu maxima quidi^m t*i parte rollnpsus est, roniiulli tumen lohnli 
a^rcm inclusum ctiamnnm retinerent, calida cunvi perfundcodum, sic ut rarcfacto per caiurem spintu, distenti 

jcalpcUl opp cxtrcmos ad fines promota, eandem vidi, ut antca distrnmtionFm, pnrtrnjuam quod canrdiculi minus 
intcnti cjlindros exactioies le&rebaat. EtrideatiMime autcm oognosci potest, «analiculoe ad extremum pro- 
doetoa oeeoa ia finea, arre veiiettlaa pdhaonaha aUve. Mmb tali iam bndlaa vitnaa mkntoi^ iti mbjcelo, 
ut a spectro reflexorio pelluceat, et illis sublnde levitcr agitntis, aermodo antrorsum, modo lateiales in ramea 
impellatur. Nequc tandem veaicularum forma &Ueie qucnquam potest, pro diat e atia laeeiilis Olas habentem. 
vd hallipOa globotis, quas eztRmia camlibaB lint adaew, qnom anbttom ipianim ad nandos, uade ptodeunt 
nlatlllB* pcrinde se habere, atque warn ad taruncum clarissime perspiciat. 

" Hae tsperimenttt obtutdt, ut mdifar, nttndma, triaMpuhMmm tpiritaitt ecmalet trrttei eue ad finem cmoi, men- 
traaoeeo*. ex (iHuca videiicet tndie* anKera wig^naafaa. airi*al aipra nmm w wni hm ett, pUui iaptrateaiiUt." 

MDCCCZUI. t 
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and allowed it by its own wdght to trickle down the broncliial tabM wtAdtt wcte 
filled with the metal, and were very conspicuous at the thia mailgilk of the organ. I 
placed a portion of the injected thin margin of the lung l)etween two plates of glass, 
and on usinu^ slight pressure, the niercniry at the extrennfie« of tlie injectefl branches 
was forced into still smaller nodulated brauchi^b, which divided and subdivided in an 
onvaried bmncfaed order, (er) figi. 6 and 6 ; by using a little more prcttore their 
nambera increased, the symmetry of the branches being readily detected bj the nii« 
croscope ; but ultimately, by continuing the pressure, all symmetry was lost in a mass 
of minute globules (w). Tlio same effects were produced by pressing the mercury in 
the bronchial tubes onward between th« finger and tbamb witboat using the plates 
of glass. 

With a good light and a power magnifying 190 tines linear, the globolea of msr* 
coiy are seen to be inclosed in cellolar cavities formed laterally on branched passages. 
In the small Iwancbes the metal appears in round globules ; it is less globular in the 

larger branches, and a disposition to the formation of cells may be detected by the 
depressed lines seen on the column of mercury in branches of still greater magnitude. 

1 have ill my possession a prc|)urution containing lobules from the thin margin of 
a fotal lung which were partially disteiKled by air, safident to draw the regular 
branched symmetry of the air^tnbes to their ultimate terminations $ establishing a 
perfect analogy between them and the secreting tubes of glandular organs. Tlie air 
with which the tubes were partially distended has been absorbed by the fluid in 
which the preparation is jn-oserved, and mendiranous septa are everywhere visible in 
their interior. Tlie pulmonary cells are evidently formed by the pressui-e of the air 
against the sides of the tabes in the intervals between these folds (fig. ».). A carefhl 
examination of the membranes of the drnsells by the microscope in a thin section of 
dii«l inflated long will be sufficient to convince any one that they do not form ronnd 
nor even rounded cells, but that they arc perfectly fl:it membranous plates, circum- 
scribing polyhedric spaces. When healthy and recent they are exceedingly tough and 
elastic. I have often found that the tissue of the lungs may be stretched to twice 
its dimenrions without roptoring them. Tbef iHU bear tiie sovtiny of the highest 
powers of tlie microscope, and are diaracterined by several peculiar ovate bodies 
which form a part of their structure. They are also marked by numerous delicate 
lines, which are, no doubt, uniujecfed vessels of the capillary network. They possess 
an epithelium in the form of large round nucleated scales, and from one to fifteen or 
more nuclei may be counted in a single scale. A great many nuclei without any 
epithelittm envelope may be seen upon them, but I have never satisfied myself that 
they possess the ciliated cy^hiAn epitbelinm so abundant in the trachea and the 
bronchi. 

The dimensions of the air-cells, as might be expected from the preceding details of 
their structure and formation, gradually increase with age, hut in healthy women 
they are always smaller than in lieaithy men at tlie same period of life. Tuliing the 
recent lung of A hialtiqr man, aged forty-five, as the mean between the smell cells of 



Digitized by Google 




Digitized by Google 



MR. ADDISON ON THE AIR-CELLS OP TRB LUNGS. 



163 



youth and the large cells of old age, I found them varytnir from f^th to j-J-gth of an 
inch; the largest oval foramina were fiuiu ^tb to ^th of an inch, some were from 
rbth to jiotb of aa inch, and tli«m were others less. In dried and inflated prepa- 
rati<MUy the celb and foramina bcin^ folly distwided witli air, measure more than 
when the preparations arc fresh and recent. On the other iiand, in iiqeeted prepa* 
rations, the vessels being distended, the cells and foromina measofs less. 

fixPLANATtON OP THB PlATR. 

PLATE XII. 

Fig. I. A thin section of dried and inflated lung, showing" large oval foramina pro- 
duced by dividing the lobular passages ; (i, b) several oval foramina close 
together, the section having passed very near to the point whence the pohs- 
ages branch oC Subjacent cells and foramina are seen by looking down 
throogb the uppermost fiManuDa {e, e). 

Fig. S. Oval foramina seoiin a section of inflated and dried lung made at the surfiuie 
and including the pleura ; they are somewhat smaller, and placed at more 
equal distancps from each other than in the preceding figure. 

Fig. 3. A thin section of recent and macerated lung, slightly extended, showing sec- 
tions of oelis and lobnlar passages ; (a, a, h) a series of communicating 
cells. 

Fig. 4. A smaD portion of the thin edge of a luo^ of a Rabbit injected partially with 
mercury, showing a mass of minute globules in a fully injected lobule (a), 
and nodulated or beaded branches in others {b). The nodules being cells 
communicating with each other by lobular passages ; the branched symmetry 
is lost in a mass of globules at e. 

Figs. 6 and 6. Small sections from the thin margin of the lung of a foetal Calf, 
magnified about thi-ee diameters. The lobules are compressed and spread 
out by pressure between two plates of glass, ^veral bronchial tubes an* 
ailed witli mercury ; they grathuilbf assume a nodulated appearance, uud at 
length in the interior of the lobules termmate In odb and kbalar iiassages. 

Fig. 7. A more nif<gn!<^ view of the branchings of the intralobular bronchial rami- 
fications. The mercury has been urged on by increased pressure, so as to 
fill a greater number of ramifications, which at (a) have become SO nume- 
rous that their symmetry is lost in the multitude of globides. 

Fig. 8. Intralobular bronchial ramifications, partially inflated and highly magnified, 
(a). Culs de sac terminations lying agmost the lateral inflations of adjoining 
branehes. (ft, ft, c). The muUiloeular aU$ dl« «ae at the snrftce of a lobule. 

Fig. 9. Shows the ceUs formed upon the intralobular bnmobial branches, with po- 
^fbedfic figures formed by pressure. 
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X. Ote the speafie InAteihe Ce^paeUUs ^ etrtam Eht^eal StAttatuet. 
iSgr W. Snow Haiihis, Esq^ RRJS., 

^UeaWed 21,^-4taid Jam 9, 184S. 

1. The nDrivalled series of Researches in Electricity with which Dr. Faraday 
has eoridied the paf^-t"; of tde Royal Society's Trnnsai-tioas, have greatly extended 
onr field of view in this woadei tul department of natural knowledge. 

The doctrine of specific inductive capacity advanced in these profound researches, 
has very considerable claim to attention, being botb a novel and important featore of 
electrical aedon. I have been benoe led to some fiirther examination of it, and, 
from the re5!ults o!)tained, I am not without hope tbat a brief account of them may 
be worthy the notice of the Royal Society. 

2. If a given mea&ured quantity of electricity be deposited on different insulating 
substances of the same thickness, and having metallic coatings of the same extent, 
-the intensity of the charge, as shown by an deetrometer, will greatly vaiy. I found 
the differences in some cases to be So great as twenty-five to one. Thus, in one in- 
stance, the intensity of the charge snstaiiied by induction through air being 25°, the 
intensity of the same charge sustained by induction through lac only amounted to 1°. 

Au experimental examination of this question, however, demands very considerable 
caution, since a small degree of oondneting power, or dissipation of the charge, or a 
partial absorption of deetrieity by the soperAeial particles ct a f^ven snbstanoe, would 
at once diminish the apparent intensity ; whilst, on the other hand, any subsequent 
evolution of the quantity absorbed would, if added to the (|uantity subsccjuently de- 
posited, tend to increase it. It is hence essential thnt experimental processes for the 
detection and meusuremeat of specific induction should be such as to admit of being 
carried out in the least possible time under conditions of very perfect insulation. 

8. Such procenes I have endeavoured to supply in the following experimental ex- 
amination of this interesting subject ; they may be thus brie6y stated. 

The given substance to be examined heing cast into a circular plate of a foot in 
diameter and four-tenths of an inch thick, hy means of a mould formed of two 
pieces of polished marble, and an intermediate ring of brass, coatings of tin foil 
six inches in diameter ware npplied to each of its sndbces, so as to leave an in< 
solating edge of three inches wide. Plate XUI. fig. 1. represents a plate thus pre- 
pared, in which a 6 is the plate, and c the central coating. When a dielectric medium 
of air u'tw required, the oppo«ef! coatings were made of wood, about three-tenths of 
an inch in thickness, covered with tin foil ; and were fixed at the given distance by 
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means of throe sumll supports of shell-lac, cemented to the circuxiilcrenceii, as repre- 
sented by fig. 2, ia wUch c d repreaent the eoeliiigs« and a h two of the sbell-lae aup- 
porti. In some ioBtanoea the plates were opposed to eodi othv at the extremities of 
insulating rods of gtaeij as represented in fig. 6. Plate IV. of the PbUosophlcal Trana- 

actions for ! 839. 

■1. Fluid dielectric media were examined by means of the arrangement reprebcnted 
in fig. 3, in which tn n is a sort ot glass bowl having a contracted opening and neck at 
h. Tins opening is closed by a fine piece of cork^ so ss to admit of a conducting wire 
i peering throagfa it fluid tight i ed aie the obenlar ooatingi just described, die under 
one, df bdng screwed on the end of the wire i. The whole is supporter! on i conve- 
nient open frame; and the flui'l tn he examined is poured into the <^lass bowl, so as to 
completely surround and fill tiie space between the circular metallic surfaces cd. An 
inverted lamp glass shade may be employed with advantage tor this purpose. 

A. It will be immediately seen that if under any of these conditions one of thr 
coatings, e, fig. 4, be connected trith the diee m of the electrometer E*, we may deter- 
mine by an easy and direct experiment, the three following elements necessary for 
the elucidation of the (juestion under consideration. First. If we insulate the whole 
system on a c^lass rod fi, and deposit a given meiisured quantity of electricity on the 
coating c, we may determine the intensity of that quantity as expressed by the elec- 
trometer, talcing the whole as free charge. Secondly. By connecting the under plate 
d with the electrometer, and charging the npper plate c wHb a given measured ^an- 
tity, we may determine in a similar way the direct induction between the plates in 
deg^rees of intensity, or free charge shoTrn by the electrometer. Thirdly. By con- 
necting the under coating d with the ground, and charging the superior plate r with 
a given measured quantity, we may deterunne in degrees of the electrometer the pro- 
portion et the chaige unoondensed hy the nninsnlated plate d, that is to say, we may 
measure the intensity of the charge tmder the ordinary conditions of the Lbtdin 
experiment. In this way, as is evident, we may examine any dielectric medium, 
whether solid, fluid or gaseous, contained between the metallic coatings c,<f, and com- 
pare their respective influences over the degree of induction which takes place through 
them, between the coatings c, d. 

6. I have eatled the degree of intensity expressed fai terms of the eleetroroeter,^^ 
tAarge, for the sake of perspicuity, and in order to distingimli that portion of the 
charge, whatever it be, which is active on the electrometer, from that portion which 
is condensed by induction. For similar reasons I have called the action of the 
charged on the neutral plate, direct induction, in contradistinction to the con- 
densing action of the neutral on the charged plate, which I term the reflected, or tit- 
iSrect hidMiion. It roost, however, be understood that these terms are merely em> 
ployed as expresidng conveniently the different actions to which I shall have occasion 
to refer, and that they are limited to the definitions just given<f-. 

* This instniincnt la dcKnhrd in the PhiloBophkd Tnanetku far 18S9, AftH. SIS. 
t FhUowiibical Tnmtactioiu for 1829. p. 319. 
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7. la order to obtain a given measured charge, sparks were taken upon insulated 
metallic carrier plates A, A', fig. 5 and 6, from the knob of a jar K, fig. 7, charged to 
a given inteiMity, and the electiictty was depodted on the coating c, fig. 4. But as 
the repeated transfer of one plate, considered as a nnit of cfaaige, would be attended 
by a loss of electricity upon a great number of measures, in consequence of some re- 
siduary electricity being^ again brought off at each contact, I employed larg^er carrier 
plates, A, fig. 5, which could at once take up, under the same intensity, double, triple, 
&c. the quantity contained on the smaller one, A, fig. 5, and thus deposit at once, to- 
g^er with the plate, a given number of measures on the coated sabslanoe c*. 

8. I found it, however, denmble in some cases to observe the intensity of the half 
or quarter of the charf^ collected on the large transfer plate A, fig. 5, by dividing 
and subdividing it ^ritti u second equal and simitar neutral plate B, fi^. 8. Thus, 
supplying the whole due to contain under a given intensity a quantity equal to eight 
measures, we may immediately obtain four measures by a momentary contact with 
an insulaled neutral and sioiilar plate B, fig. 8, and two measures by a second eon- 
tact. We are thus enabled to work with lower charges in certain cases ; since from 
the intensity of the half, or quarter of a charge, we can, by known laws of electrical 
action, deduce the intensity of the whole. We avoid in this way the dissipation 
which is liable to occur under a high intensity, and hence arrive at a more correct 
result. The carrier plates employed were of various kind^ and were coostmcted 
either of metallic substances or of folded wood, and were insulated on very long 
slender rods of glass covered with lac, as represented in figs. 5 and 6. 

9. The jar K, fig. 7, is supported on a varnished glass rod K ; it contains about 100 
square inches of coattn?. and was charged with fifteen mea.sures of a sniall unit jar. 
containing about ten squaie inches, the measuring bails being set at '2 of an inch 
apart. When charged, it was removed from the machine, and the connection of the 
outer ooaliBf with the ground withdrawn, so as to leave it well insulated. As often 
as a charge was drawn from the knob by either of the carrier plates A, A', an equi- 
valent charge was comtnnnicated to the outer or negative coating, and thus repeated 
measured charges of the same intensity were obtained. Tlie state of this jar was 
examined from time to time by means of a small carrier plate of three inches in dia^ 
meter, and a eeooi^ deetromcter Ef, fig. 9. Am long as tbe jar could dnige this 
plate to an intensity of 10", as measured by the dectrometer, the discs m, n, fig. 9, 
being at a given distance, so long it was deemed in a fit state for experiment. When 
the intensity fell below this point, the original cbaige of fifteen unit measnrea was 

again restored. 

10. The electrometer £^ fig. 4, has been fully described in the Philosophical Trans- 
actions for 1889^; it la therefore only requisite to state, that 1^ means of a hydro- 
static coonterpoise v, acting over a d^cately bung wheel W, we obtain a continued 
and Qiuform balance to the attractive force between tbe opposed discs /, m, ope- 

• FUloniAifldThnNfitioute l8M.p.m t p.9M. 
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rating ob the oppoaite ana of the wbed ; whilst an index t o attached to the wheel 
registers the force in degrees of a graduated arc « 03^. 

11. These preliminary exphnations being understood, theibUowtog cxpwimenls 
will be fully comprehended. 

Exp. 1. A circular coated plate of shell-luc, N, fig. 4, being placed on the insulated 
rod k, and its upper coating c connected with the electrometer disc m, one measure 
of dectiicity was deposited on it^ by placing one of tlie small clMuged carrier discs 
immediately on the coating. In order to find the intennty by the electrometer at 
:i constant distance of -5 of an inch between the attracting discs m,f, and to which 
they had been previously adjusted when the index was at zero, the hydrostatic 
counterpoise vva.s lowered by means of the screw S until the index was again brought 
to zero of the arc ; whatever force, therefore, was now operating between the discs 
m,/, was operating at the given distance of *6 of an Inch. To find this force in de- 
grees, the deposited dectrieity was dischaiged } the index tiien dedioed or fdl htutk 
in the direction o a certain number of degi-ees, showing the force or intensity re- 
quired. 

Thus tlic deposition of one iTicji^tire on the insulated plate c evinced an intensity of 
4°, and according to the Itnown law of accumulation two measures evinced an inten- 
sity of 16**, and so on, as the square of the quantity deposited* np to the limit of 
charge. Now this intmtity was fbnnd to he the sam^ or nearly so, with every-inso- 
luting substance tried, whether slielUlac, or air, or brimstone, or any other good in- 
sulator, and was very little different whether insulated us a sin^^de phite or as a 
ilouble plate, such as represented in fig. 2. An intensity of 4" was therefore taken 
as the free charge, and as indicating one measure, supposing it all active on the elec- 
trometer, and nncondensed by indnctton through any given meifinm. 

£xp. 2. The under coating d bdng now oonnecteid with the dectrometer disc m, 
and 1, 2, 3, &c. measures successively deposited on the coating c, the req»eetive in- 
tensities developed in the opposite coating d by induction u cte, for one measure 3", 
two measures \2\ three measures 27*', and so on up to the limit of inductive develop- 
ment in the opposed plate-f-. 

12. Now this direct indnciion was ohaerved to bathe same, or very nearly ho, whether 
operating through air or through he, or any other solid insuktor ; thus confirming, 
together with the preceding experiment. Dr. Faraday's observation relative to shell- 
lac (1255.), viz. "That its solid condition enabled it to retain the excited particles in 
a permanent position, hut that appeared to be all, for tl)ese particles acted just as 
freely through the shclUlac on one side as through the air on the other." He did 
not find, however, every substance hear a rigid examination in this respect ; yet the 
substances which 1 have tested all evinced neariy the same freedom, as measurable 
by the chaises and electrometer employed. 

Eap. 3. The under coating d, fig. 4, being connected with the ground, and the 
* FliiUwo^cid I^UMctioM tot im, f, 319 mi 321. f Uid. im p. 223 and 824. 
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upper eoating c witb the efeotrameter, a quantity equal to fivs DMSsnfev wm depo- 
sited on it, and the inteniUy taken under the conunon cooditbne of the LnrosN ex- 
periment. In this cas^ however, the intensities varied conaiderably, being diflterent 
with each substance, as shomi in the following Table: — 

Table L 

Showing the Intensity of five measures of eiectricity in degrees of the Electrometer 
when accumnlated as a charge on diffierent coated Electrice. 







BfiuHtoiio* 


Bwt nat Glw. 






EmiiL 


Air. 




h 




»s 




a 

4 


o 

S 





When ten measures were deposited, the intensities were found to increase as the 
square of the quantity, according to the law already fsGerred to (11.) ; so that with 
ten measures tlie small differences were more marked. 

IS. It is not difRealt to discover from these intensities the indirect induction or 
specific inductive capacities of the various substances to which they refer, since their 
respective influences over the amount of induction which takes place through them, 
may be conceived to vary with the quantity of electricity condensed, iis it were, by 
the uninsulated coating, and thus rendered insensible to the electrometer. 

Now, by the known laws of the electrometer*, the intensity of the charged ^de 
is proportioiial to the square of the quantity which the free coating ceases to hold 
in eqailibrio ; we may therefore find this quantity, and having deducted it from the 
whole qiiaiitirv of charge, the remainder may be taken to represent the inductive ca^ 
pacity of the substance under examination. 

Thus, to find the inductive capacity of lac with reference to live measures by 
Table I., we have to And the free qnantf^ corresponding to an intensity of 8".' Bnt 
the intensity corresponding to one measure, taken as a free quantity, is 4° (E^p. 1.). 
Taking then the qtiantities as the square roots of the intensities, we obtain "7 of a 
measure nearly for an intensity of 2", u liich is the uncondensed part of the charge-f". 
If, therefore, we subtract th'w from tive, the whole number of charges, we have 4*3 
for the indirect indnetion, or spectflc Inductive capacity of lac. In a similar way 
we find the relative specific Inductive cKpudty of fdr lo be 2'9i, of pitch 4, and so on, 
as in the fbllowing Table. 

• Phaosophicnl Tran»ction» for 183D, p. 237. 

t Or by tlie kws of the electrometer, wi- have in taking the forces tut the square of the quantity 4° : 2° : : 1< : 
°« 4 X* = 2. and » m ^/ ^'7 wtuly for tiie qtiuititj fiormpondiiig to 2° vhea the quantity corresponding 
to ^ i* luftjr. 
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Table II. 

Showing the Specific Inductive Caj)acitIt'S of various Electrical Bodies in terms of 
the number of measures condensed by them on an accumulation of hve measures. 









FliBtglUt. 








Air. 




l4 


I'M 




4*1 


1 


i9 


• 



1 4. If, then, as in the preceding Table, the number of charges condensed by the 
indirect induction of the uninsulated coating be taken to express the respectire ia- 
fluenccft of dtffiBient dielectric substances over the indaclion throagh thenij we have 
the relative indnctive capacitiet as in the foUovring Tahle. 

Tabu III. 

Sbowiiig the Inductive Capacities of various dieteotric Bodies in fetation to Air 

taken as unity. 



SatMtmca. 


Air. 


Roain. 


Pitch. 


Ueca' wax. 


GtM*. 


BriimtoM. 


Uc. 


Relative capacity 


0 1 O 

1 1 1-77 


o 

1'8 


1'86 


o 

1-9 


i-93 


1*95 



Tlic results in the case of lac and air very nearly coincide with those arrived at by 
Dr. Faraday, who found (1270.) the relation of lac to air as 2 : 1, or very nearly, 
which is about the proportion deduced in the above Table. He also found a very 
high inductive capacity for sulphur, which is likewise the case in the above Table, 
although the specimen employed in these experiments did not give a higher capacity 
than lae, as appeared to he the case in Hie experiment Dr. Fakaday lefas to (1275.)* 
and which he considers unaceq»tionable. With respect to glass and the other sub- 
itanccs above given, all the specimens insulated Tvrll. nnt! r harged and di-^charL'td 
freely in the usual way. The experiments were certainly uninfluenced by the houi res 
of error above-mentioned (2.), since the intensity varied with the square ot tlte 
nnmher of cbaigcs deposited on the insnlatcd coating, and the general laws of dee> 
trical aoconnilation on coated snrfhoes were manifested by them,, which could not 
have been the case under a sensible d^fee of conduoUng power, or a partial absorp- 
tion of electricity by their superficial particles. Thns I found a square of thick plate 
glass of the common kind, and which the Lords Commissioners of the AdtniraUy very 
kindly permitted me to purchase from the stores of Her Majesty's Dock Yard, quite 
unfit for tlieseinvcstigatioos. It would not take the slightest degree of charge under 
any condition under which I could place it By covering its exposed edges with 
sbell-lac dissolved in naphtha or alcohol, I succeeded in rendering it non-COnducting 
on the surface, but still it would not assume the c1iarf,'e<! state in any degree. I tried 
Other specimens of plate glass, and with nearly the same result. And it was not 
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until f tried a small bowl ot tlx best tliut gliii>t> that I coald succeed in obtaining 
anything like a comparative cxpci iment. This bowl, however, whicli fortunately was 
of tbe aanie thicknen, or mj nearly n, aa Ifae other substances tried, charged very 
freely when six inches of coating were ^ven to it, as in (he other oases, and evinced a 
high inductive capacity. 

16. With respect to fluid dielectric bodies, although I have thon^ht it wot tii while 
to advert briefly to the method I employed in subjecting them to experiiuent, yet I 
am obliged to admit that it was attended by no positive result whatever. I found 
all tiie fluid bodies I examined* vis. oil of tucpentlnet common oil, naphtha, ftc^ qoite 
incapable of assuming the charged state, or at least if th^ did so, it became insiaadjr 
destroyed. I could not hence arrive at any conclusion relative to their capacities 
for siHtaining electrical induction, and in this failure I am not alone. Faraday 
found, not only these, but a great many solid bodies quite unfit for experiment on ac- 
count of their incapacity to sustain a sufficient charge (1279.) (1280.). That this 
incapacity is not dependent on the flnid condition of the body is quite evident, since 
the thick plate of ^Uisb just mentioned equally failed in its power of reewvtng a 
charge. I am however not without hopes, that by varying the temperature of these 
substances, or by another form of experiment, or othenrise by a more complete pre- 
paration of them, their inductive capacities, however low, may be relatively disco* 
vered. 

16. 1 have now merely to oflhr, in conclusion, a few observations on the experimental 
proeesses which have been employed in the above investigation. First, it is essential 

that the substances to be examined should have perfect solidity, and be well and 
evenly cast, so at? not to present any small fissures or cracks. The continps should 
be closely attached to their surfiu:e8 by a little stout paste, and well rubbed over, in 
order to completely exclude the particles of air, iriiich otbervrise are liable to detach 
the coating from the snrfiuse, and vitiate tbe experioient. When a snbstanoe thus 
coated cliaigee and discharges freely, and on hdng charged with 1, 9, 3, &c. mea- 
sures successively, evinces by the electrometer intensities which arc as the squares 
r)f these quantiti^ it may be taken as hpiii<^ in a fit state for experiment on its induc- 
tive capacity. Secondly, to avoid dissipation or loss from charges which vritb some 
snbstaoeea evinoea high intenn^,it Is derirable to work with one lialf or one quarter 
tbe whole charge hi such cases, and deduce the comparative intensity from these. 
Thus in comparing sbdMac and air, we find that a qaantity which with shell-lac 
only affects the electrometer by 1*, will vith air as the dielectric medium affect the 
clwtrometer 25° ; and as it is mo?t important to obtain the full measure of induction 
through air, it is saler iu certain cases to find the intensity of half tbe quantity, and 
then by the law of the intensity wliieh is as tbe square of the qnsntaty; deduce the 
bamaaHj due to the full cbai]ge. If we required, far example, to oompare tbe result 
of twen^ measures on sbelUac with twenty measures on air, and that the intensl^ 
of twenty measures on air was so great as to cause dissipation between the plate^ 

x3 
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we may readily determine the full intensity by dividing- the charge (H.) and operating^ 
with ten measures. Suppose the ten measures evinced an intensity of la"", then the 
intentity doe to twen^ meosnres would be &f, being as Q*. We more puticBlarly 
require tbii^ became the fvll tven^ meaeures would be neeesBary for tlw ahcll-lac in 
order to obtain a decided result, which at the greatest might not exceed in tide cue 4^ 
Lastly, it is essential to manipulate under a gooil insulHtinir air, in u dry room and 
with every convenience at hand for warming and thorouglily drying from time to 
time the various insulators, which is best done by means of small heated irons curved 
into half cySaden, and fixed in conveinent handlei. If these prBcantions be attended 
to, the electrometers will remain withmit disdpafion for twice or thiioe the time re- 
quisite for the experiment, and the resolt will be fomid very aniform and invariable. 

May 1, 1842. 
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XI. Appendix to a Paper on the Nervout Ganglia of the Uterus, with a further 
Account of the Nervous Structures <^ that Orgatu Bjf Robsrt 1m, MM^ FJLS.^ 
CoU, Meg. Med. Socius. 

ReoeivGd June 16.— RcmI Jtme 16. 1843. 

From the fuQCtioDS of the luinnn utrrus. Galkn inferred that it must be supplied 
witli aerves, but there is no evidence to prove that Galen, or any of the celebrated 
anatomisto who fl<Nnl«bed beAm tiw middle of the eigbteeiktb century, ever traced 
ttie great q^patheHc and saecal nerves into the iitemB> or discovered that its nerves 
enlarge dnrin^f pregnancy. This ms first done by Dr. W. Hvmtbr, who describes the 
hj'pogastric nerve on each side as passing to the gnivid uterus, behind the hypogastric 
vessels, and sprcariinir out in branches like the portio dura of the seventh pair, or 
like the sticks ot a fan, uith many conimunicatioDS over the whole side of the uterus 
and vagina. As Dr. HninsR never cnmined the nerves of the unimpreguated 
atenis, and saw the nerves of the gravid niems dissected only In one snbjeet, he did 
not certainly Itnow that they increased after conception. " I cannot " he observes, 
" take upon me to say wliat change happens to the system of uterine uerves from 
utero-g^tation, but 1 suspect thetn to be enlarged in proportion as the vessels*." 

Mr. John Huntbr denied that the nerves of the uterus ever enlarged during preg- 
nancy. '*TheQtems in tlie time of pregnancy," he says, ''tnereases in substance and 
sise, probably filfy times bqrond what it natnrally is, and yet we find that the nenrn 
of thn part an not in tlie smallest degree increased. This shows that the brain and 
nerves have nothing' to do with the actions of a part, ^'hi!e the vessels which are 
evident increase in proportion to the increased siza ; if the same had taken place 
with the nervesy we should have reasoned from analogyf-." Dr. William Hi ntrr 
left no preparations of the nerves of the nteras, nor did Mr. J. Huntbr, in support 
of their conflicting statemrats, and at the beginning of the yesir 1838 I believe there 
were no preparations in this country, showing the nerves of the uterus dissected, 
cither in the uniinpregnated or gravid state. Sir Astlkv Cooper then maintained, 
that it was iropo^^il)]^ for the nerves of the uterus, or the nerves of any other organ, 
to increase under any circumstance. 

In 1889 PknfisssOT Tskommakk published a description of the nerves of the atenis 
with two engravings. In the firs^ the spermatic nerves are represented on bolb sides 
accompanying the spermatic arteries to the ovaria. The spermatic veins, and the 

* AtiAMK^tmakdDetciiifllSata^Hm^ Land. 1794. p. 91. 

t The wnb of J. Hvirtn. traL iii. p. 117. AJ>. ie«7. 
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nerves which followed them» are not seen. A few small brancha of oerrai from the 
bypogaatrie ploKUS aiv seen ramUying on the posterior and inferior aurfiue of the 

uterus with the uterine arteries. The whole of the su|>erior part nf the uterus is co- 
vered with peritoneuTii. In the second Plate some small branches irom the left hy- 
pogastric nerve, before it enters the f^reat ganglion at the cervix, are seen accom- 
pajiying the left uterine artery on the left aide of the lower part of ttie uterus. From 
Professor Tikdbii amn*0 work at might justly be faiferredf that tiie human gravid uteros 
fa more sparingly supplied with nerves than any other organ in the body*. 

In I8SS Professor LoaarstN stated that the uteros before and after conception bad 
a very scanty supply of jxt^rvr^. "Rarissime in uteri substantiam torn vacui torn 
gravidi sese iraroittere videntu: nervoi-um snrculi-f-." 

In 1829 Professor Osiander atiirmed that the nerves of the human uterus had 

never been seat, either by himself or by any other anatomist, and that ho bad bean 
decdved by the authority of scientific persons, when he stated that nerves wen 

spread over the whole uterus. 

On the 8th of April, 1H3S, while dissecting a gravid uterus of seven months, I ac- 
cidentally observed the trunk of a !arf!^e nerve proceeding' upwtird from the cervix to 
the body of the uterus along with the right uterine vein, and sending off branches in 
its course to the posterior anrfece of the uterus, some of iriiich accompanied the la^ 
mifieadona of the vein, and others were Inserted into the peritonenm. A broad band, 
resembling a plexus of nerves, was seen extending across the posterior surface of the 
uterus, and covering the nerve midway between the fundus and the cervix. On the 
left side tlie same appearances were seen, and several branches of the nerves accom- 
panying tlie uterine vein were distinctly continaous with branches of the great plexus 
cHMMnng the body of the ntoras.- The prepamtloii was placed in the maseum of St. 
Oeoige*s Hospital on the 1st of October, 1838. Several eminent anatomista, to wbom 
I showed the preparation, thought that I had been misled by appearances, and that 
they were absorbent vessels accompanying' the veins and trnflinons fihree, «prpad 
across the posterior surface of the uterus. They all acknowledged that they iiad 
never seen uor dissected the nerves of the uterus, either in the human subject ur in 
any of the k>wer animals. I resolved, when another opportunity should present, to 
follow the sympathetic into the grand uterus, with the utmost oave^ that I might 
discover, if possible, the nature of the great plexuses covering its snrface. 

On the 18th of December, 1838, a woman in the sixth month of preg^nancy died 
in St. George's Hospital, a few hours after the foetus and its appenda^jres had been 
expelled ; the uterus was removed with all Its blood-vessels and nerves remaining 
connected with it, aiMl the great sympathetic and sacral nerves were traced to the 
(Afferent parts of the uterus, while the preparation was under alcohoL 

In a communication to this Society, which was read on the Ifltb of December, 1999^ 

• Tabulx Nervorum Uteri, fol Hi iclcI'ScrpT, 1822. 

t De Nervi Sympathetica Humani Fabhca, &c. Parii, 1823, p. 31. 
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I described the appearances displayed in these dissections, and represented by figures 
the epermatic, hypog«8tric» and tacral nerves passing ioto four great plexuses under tbe 
peritooenm of the body of tbe ntems. From the form, colour, vaacnUuity, and general 

distribution of these plexuses, and from their branches actually coalescing with those 
of the great sympathctif, I inferred that they were true nervous ganglionic plexufses , 
and formed the nervous system of the ntenis. fSoiiie anatomists of reputation formed 
a different opinion, and concluded that they were nothing but hands of elastic tissue, 
gdatmotts tissn^ or cellular membrane connecting the peritoneum trith tbe mueeular 
coat of the ntems, Alt who examined the dissections admitted tiiat the plexuses 
were accompanied with arteries, and were continuons with the spermatic and hypo- 
gastric nerves. None attempted to show in any other part of the body, bands of 
elastic tissue assuming a similar plextform appearance, accompanied with arteries or 
continuous with nerves. The couiuiuuication was withdrawn from the Royal Society. 

I oontintted tbe investigation of this subject during the whole of 1840 and I84I, 
and discovered the great nenroue ganglia at the nedc of the uterus, a description of 
which le contained in the last volume of the Philosophical Transactions. But these 
gan<r1ia. which exceed in size the semilunar ganglia of the great sympathetic, con- 
stitute only a small portion of the ner\'on8 system of the human uterus. I propose 
now briefly to describe other nervous structures of far greater sixe, as displayed in 

the <Besec(ion of a gcavid uterus at the end of the ninth month of pregnancy. 

In this prqwration tbe great sympathetic nerve sends numerous brandies from 
both Its cords to tbe trunk of tbe inferior mesenteric arteiy, which form a great plexus 
aronnd it These nerves accompany all the ramifications of the artery, but the 
greater number proceed with the hemorrhoidal artery to the rectum. The two cords 
of tbe great sympathetic, after giving off these branches to the inferior mesenteric 
artery, pass down Iwfore the aorta neariy two indies below its blfuroition, where they 
are united by several flbe nervous filaments. But the cords continue distinct, and 
soon separating, each passes down behind the hypogastric blood-vessels to the side 
of the neck of the uterus, and there tenninates in the corresponding hypogastric 
or utero- cervical ganglion. Tlie left cord of the great sympathetic, or sis it is usually 
called, the hypogastric nerve, enlarges greatly as it approaches the hypugustric gan- 
glion. This ganglion is nearly two inches in breadth, and covers a great part of the 
cervix uteri. It appears to consist of six or seven smaller ganglia, which are united 
together by nervous cords. Each of these ganglia is a thick solid nervous mass, 
of an oran^ wliite colour inclined to brown. Arteries which hare been injected 
pass through liiese smaller ganglia and accompany the various nervous fdarnents 
which pi*oceed from them. Into the whole outer surface of the left hypogastric gan- 
glion, nnmennis biancbee fh>m tbe third sacral nerve enter } and behind there is a 
gnat eonneetion formed between the ganglion and the branches of the left hemor- 
riioidal nerve. The vaginal nerves arise from tbe inferior margin of the ganglion, and 
the vesical from Its anterior border. Some of these nerves pass im the outside of the 
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ureter to enter tbe middle vesical ganglion, and others psiss on the inner sur&ce of 
the ureter to tbe anterior piirt of tbe neck of the nt^nu. 
From tbe enperior and anterioi' part of the left hypofastric ganglion, a plexni of 

nerves accompanied by an injected tortuous artery, proceeds upward along tbe whole 
body of the utcrns, near the left side, to the truvV. of the left spermatic vein, and 
there tenninates in a dense, reddi^^h brown coloured mass, consisting of fibres tirmiy 
interlaced together, and which has ail tbe characters of a true nen'ous ganglion. 
From its vicinity to tbe principal spermatic arteiy and rein wiiich it partly anrnmnd^ 
and the ligament of the ovary, it may lie called tbe 1^ ^permaHe gm^hm. Between 
this ganglion and the left hypogastric ganglion, an artery extends which is cloeely 
embraced by a plexus of nerve<i, and a direct nervous communication is thus esta- 
blished between these remote f;;ini,dia. The nerves adhered so firmly to the artery 
through its whole course, that before they were sepamted they presented the appear- 
ance of two white lines on its sidc8» with fihments cnwring over tbe veiad. Ftam 
tbete nervM extending between tbe left hypogastric and spermatic ganglion, bFancfaee 
with arteries are g^ven oflT in their whole eonne to tbe mAperitoneal gangUa and 
ple.msex on th<' posterior surface of the uterus, and also branches to the plexuses on 
the anterior surface. On approaching the spermatic ganglion, these nerves witlj 
their artery pass under or between the branches of the iejt mbperitoneal piexmes 
and frequently oommiinicate with them by fine nervous filaments* Tbe artery can 
be readily traced through the snbstanoe of tbe spermatie ganglion, but the nerves 
which accompany it from the hypogastric ganglion, immediately disappear on oitei^ 
injcr the mass. Nutnci-ons lar<;;e branches of nerves from the left subperitoneal plexus 
likewise terminate in the left spermatic ganglion, but some of them puss under it, 
and proceed to the ruuud ligament; and uthers are continued upuuid, graduuilv 
diminisbing in ^e as they approach the renal plexus along the spermatic blood- 
vessels. From the upper border of this ganglion, large flat nerves proceed to ramify 
on the fundus uteri, and pass with the vessels into the muscular coat. The trunk of 
the spermatic vein and artery is almost completely surrounded with this ganglion, 
as the trunks of the uterine, and vaginal arteries and veins are inclosed within rings 
of nerve coimected with the hypogastric ganglion. 

In this dissection there are nervous structures displayed on liie anterior and pos- 
terior Buribces of tbe uterus of still greater magnitude. These, from their ritnatioui 
may be called the subperitoneal gmgHauod plexuses of the uterus. 

Over the middle of the lover part of the body of the uterus behind, immediately 
beneath tlic peritoneum, is situated the posterior subperitoneal ganglion, which is 
considerably larger than the left hypogastric ganglion. It presents the appearance 
of a layer of dense structure composed of fibres strongly interlaced together, having 
a yellowish brown colour. It adheres firmly to the peritoneum, but between Its 
lower sniftcc and the nnaenlar coat of the uterus, there Is tnleirposeda tfaidc S(rft 
layer of cellular substance through which filaments of nerves and branches of can. 
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stdemble size jmas to the muscalar coat of tbe vterat. The middle part of tbe 

gatiglion is more than two lines In thickness, but it becomes everywhere thinner 

townrds the circmiifercnce, and particularly at the inferior border, where it sends off 
many nerves to the back part of the vagina. From its left lower and lateral part, it 
sends off two layers of broad nerves, one of which adheres to the peritoneain, and the 
other dosely InveMi the imiseBlar ooat and blood^vessds of the uterus. Between 
these layers there placed a reiy thick mass of soft cellular membrane tbroogh 
which innmnerabie branches of nerves pass between these layN8> the hypogastric 
gnnglion, and the plexus of nerves with the injected artery extending between the 
hypogastric and spermatic ganglia. Many of the superficial nerves pass down under 
tbe peritoneum, and terminate in the upper border of the left hypogastric ganglion, 
and tipon these superAdal nerves there is formed another ganglion of consideroble size, 
between which aiul the hypogastric nerve numeroos branches of soft nerves extend. 
This ganglion formed on the nerves under the peritoneum near the edge of tbe uterus, 
is thick and solid, and consists of a yellowish brown substance, with white nervous 
filaments interlaced, and arteries of considerable size passing through if. From its 
lower border large nerves extend to the upper edge of tbe hypo^tric ganglion, 
and innumerable soft nerves enter the whok iraier sur&ee of the hypogastric gan- 
glion, which take thdr origin from the lower part of the great subperitoneal ganglion. 
Tbe upper part of this ganglion becomes firmly adherent both to the peritoneum and 
muscular coat of the nterns, which it covers a-S high as the fundus. Ljirge broad 
nervous plexuses, superficial and deep, extend from the upper portion of the subpe- 
ritoneal ganglion acroiis the body of the uterus to tbe spermatic ganglion, and blood> 
vessels, and the round ligament, around which they form a sheath of waros. 

In an elaborate drawing I^Mr. Joenra Paaar, all tbe ganglia and plexuses on tbe 
left side of the uterus now described, have been represented with the greatest fidelity. 

As tlie arteries and veins on the riglit side of the uterus are only partially injected, 
the nerves extending between the hypogastric anfl spermatic ganglia have not been so 
minutely traced. But that there is a siuidur nervous chain connecting these great 
ganglia of tbe fundus and cervix and the subperitoneal ganglia and plexuses, does not 
admit of doubt, and has been clearly demonstrated by other dlssectkms at an carUer 
perk»d of pregnancy. 

Over the middle of the anterior and lower part of the body of the uterus, there is 
situated a nervous and vascular mass, of great extent, and similar in structure to the 
subperitoneal ganglia described on the posterior surface. It adheres to the perito- 
neum firmly, but on being divided longitudinally, it is also observed to be separated 
from the muscular ooat of tbe uterus by a soft stratum of cellular membrane. Prom 
the lower part of this anterior tuhperltoncal gaiigHm nerves are sent down to the 
cervix uteri and vagina, and numerous branches pass off on both sides to the hypo- 
gastric ganglia. Snfiorfirial and deep plexuses of nerves are likewise sent off from 
its superior lateral borders, which proceed across tbe uterus, sending branches into 
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the muscular coat, and uniting with all tlie ganglionic plexuses on the pot>t«rior sar- 
fiioe. Tbe appmnaneM preamted by the aoterior subperitoneal ganglia and plexuMf 
in tbe fbaitb montli of pr^gnaney, bwe been dbpfaqFMl hi-the eecoad engravii^p wbieh 
iUutrated the paper on the nervoua gai^lia of the uterus. At that period the gan- 
glion seemed notliitig but a thin nervotiH and vai^cular membrane, imbedded in soft 
cellular 8ul>6tuuce, through which the delicate nervous filaments accompanied with 
arteries proceeded to the superior angles of the utenu. On comparing this dissec< 
tion witb that wm described, it is iupoenble to avmd being Btruck with the enor- 
mons development of these nervous stnictnns during the torn latter oiontfas «»f preg- 
nancy. Of to resist tbe conclusion that these are formed for the parpose of supplying 
the uterus with that nervous power which it requires during labour. 

These dissections prove that the human uterus possesses a great system of nerves, 
which enlarges with the coats, blood-vessels and absorbents during pregnaucy, aud 
which returns after parturition to its original oondition before conception takes place. 
It is dii^y by the inflnenoe of these nerves, that the niems perfemn the varied 
functions of menstruation, conception, and parturition, and it is solely by their means, 
that tin- vvliolr- fabric of the nervous sysf'-ni sympathises with the different morbid 
ati'ections ot the uterus. If these nerves ot ihe utcnis could not be deuoostrated, its 
physiology and pathology would be completely inexplicable. 

ExraANATlOlf OF TBI PliATB. 

PLATE XIV. 

Exhibits the ganglia and nerves on the posterior and lett side of tbe gravid uterus 
at the end of the nintii month of pregnancy. 

A. The fiindns and body of the uterus, having the peritoneum disaeete^ offfimn tbe 

left side. 

B. The vagina covered with nerves proceeding from tbe infeior border of the left 

hypogastric ganglion. 

C. The rectum. 

D. The left ovarium and Fallopian tube. 

£. The trunk of the left spermatic vein and artery surrounded by tbe left spermatic 

ganglion. 

P. The aorta divided a little above tlie ()rig:in of the right spermatic artery, and about 
three inclies nbuve its division into tbe two common iliac arteries. 

G. The vena cava. 

H. Trunk of the right spermatic vrin entering the vena cava. 

I. Right ureter. 

K. The two cords of tbe great sympathetic nerve passing down along tbe front of the 
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L. Trunk of the inferior mesenteric artery passing off from the aorta, and covered 
with a great plexus of nerves sent off from the left and right cords of the great 
sympathetic. 

M. M. "Hie two cords of the great sympathetic passing; down below the biiurcalioD of 
the aorta to the point where they sepante into the right and left hypo^^tric 

nerves. 

N. The right hypogastric nerve with its artery injertrd proceeding to the neclt of the 

uterus, to terminate in the right hypogastric ganglion. 
O. The left hypogastric nerve where it is entering the left hypogastric ganglion and 

giving off branches to the left subperitoneal ganglion. 
P. Hemorrhoidal nerves aeeompanying the hemorrhoidal artery and pvcNseedingfirom 

the great plexus which surrounded the inferior mesenteric artery. 
Q. The sacral nerves cntering^ the whole outer surface of the hj^gastric gaogtion« 
R. The left bypogustric ganglion with its arteries injected. 
S. The nerves of the vagina. 

T. Nerres with an injected artery proceeding' from the upper part of the left hypo- 
^tric ganglion along the body of the ateros, and terminating in the left sper- 
matic ganglion. 

U. Continnatiun of these nerves and the branches which they give off to the subpe- 
ritoneal plexuses. 

V. The same nerves passing upward beneath the subperitoneal plexuses, and ana- 
atomosing freely with them. 

W. The left spermatic ganglion* in which tiie nenres and artery from the bypogsstric 
ganglion, and the branches of the left sobpoltonea] plexuses terminate, and 
from which the nerves of the fundus uteri are supplied. 

X. The left subperitoneal plexuiw^s covering the body of the uterus. 

Y. The left subperitoneal ganglion with numerous branches of nerves extending be- 
tween it and the left hypogastric ner?e and ganglion. 

Z. The left common ifiac artery cut across and turoed asid^ that the left hypogas- 
tric nerve and gai^glion might be tiaced and exposed. 
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XIL On tkt Action tka Aay* qf the Solar ^poi^nun en Vegetaih Cohurs, and on 
oeme mw Photographic Pneeoou. B*f Sir John F. W. Himchbl, Bmi, JLB» FMS, 

lUcaifcd JuM 15.— Bod Ji» IC, 1841. 

149*. In my paper on the " Chemical Action of tbe Solar Spectram on prepara- 
tions of Silver and otiier totetances," read to the Royal Society in FebroBiy 1840, 

and of which the present communication is intended as a continuation or supplement, 
some experiments on the effect of the spectrum on tlie colouring- matter of the yiola 
tricolor, and on the resin of guaiacum are described, which the extreme deficiency 
of sunshine dnring the sammer and autumn of the year 1839 prevented me from 
proMcutinf efficiently ap to the date of that cominanication. Hie coeaiqg year 1640 
was quite as remarkable for an exceei of ennBliine ae its predecessor for tlie rerene. 
Unfortunately the derangements consequent on a change of residence prevented my 
availing myself of that most &vourabIe conjuncture, and it was not till the antutnn of 
that year that the inquiry could be resumed. From that time to the present date it 
has been prosecuted at intervals as the weather would allow, though owing to the 
almost onpreccdentdl continuance of bad weather dnring the whole of the past anm- 
mer and autumn (1 84 1 ), it has of late been almost wholly suspended In photogra- 
phic processes, where silver and other metals are used, the effect uf ligfit is so rapid 
that tlie state of the weather, as to gloom or sunshine, is of little moment. It is 
otherwise in the class of photographic actions now to be considered, in which expo- 
sure to the concentrated spectrum for many hours, to dear svnahine for several days, 
or to disposed light for whole months, is requisite to bring on many of the cflbcts 
described, and those some of the most curious. Moreover, in such experiments, 
when unduly prolonged by bad weather, ttie effects due to the action of light become 
mixed and confounded with those of spontaneous changes in tfie or2:anic substances 
employed, arising from the influence of air, and especially of moisture, &c., and so 
give rise to contradictory oimclusions, or at all events preclude definite results, and 
ofascnre the perception of characters which might serve as guides in an intricate in- 
quiry, and i^ord bints for tbe conduct of fatnre experiment. It is owing to these 
causes that I am unable to present the results at which I have arrived, in any sort of 
regular or systematic connection ; nor shoul l I liavc ventured to present them at all 
to the Royal Society, but in the hope that, ilesuitory as they are, there may yet be 

* paragreptWttecooTmieiioeofTtfereiKe, uenambeKdinoontinBati 
aiemd to in ibe tBit 
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found in them matter of sunicicnt interest to render tbeir longer suppression unad- 
visable, and to induce others more favourably situated as to climate, to prosecute 
the aubjeet 

150. The mftterials operated on in these ncperimenta have been for the most part 

tiio juices of tlie Hovvers or leave* of plants, expressed, either simply, or with addition 
of alcohol, 01* under the influence of other chemical reagents. Some few resinous and 
dj-eing substances have also been subjected to experiment, but with less perseverance 
than the obvious practical importance of this branch of the subject might demand, 
except in the case of guniacum, whose relations to light, heat, and dienical Bgeat» 
are exceediqgly remarkable and instructive, for which reason^ as well as because some 
of these relations have been treated of in my former paper, I shall commence the ai^ 
count of my later experiments witli those made on tliis substance. But in the first 
place it is necessary to state that the apparatus u«f>d for formiu',', coneentrating', and 
fixing the spectrum, was the Siime with that described in Art. b?. of that paper; the 
prism bang that oi flint-glass by FaAimBonii, there mentimed ; tlie area of the sec- 
tion of the incident sanbeam s 1*54 sqoare inch, and the dimensions of tlie principal 
elements of the luminous spectrum, identical with those reeorded in /O, so that 
the following" results, when numerically stated (in measures of whi(>b the unit is one- 
thirtieth of an inch), will be comparable with tliose previously described. To spare 
reference, however, it may be here mentioned ttiat the diameter of the sun's image in 
the focQB of the achromatic lens used is 7*30 of sach tiiirtieths; and tiiat the extent 
of the visible spectrum corrected for the snn*8 semidiameter at cither end, equals 
53-92 thirtieths, of which 13*30 are considered as reckoned negatively to tbe extreme 

visible red from a fiducial point or centre rnrresponding to the mean yellow ray; and 
40'(i2 positively, from ttie same centre to the terminal vioiet, both ;ts seen through a 
certain standard blue glass, which lets both extremes pass freely und insulates tbe 
mean yellow with considerable precision. The correction for the sun's senncbmwter 
has been applied in what follows to all measures up to Urminatioiu ^ ^teeira, unless 
where the contrary is expressed. Maxima and minima of action, and neutral points 
neither require nor admit this correction. 

Cruaiacum. 

151. A sdtttion of this rean in alcohol, spread evenly on paper, pros a nearly oo- 
lonrless groond. A slip of this paper exposed to the spectrum is speedily impitased 

with a fine blue streak over the region of the violet rays, and far beyond, as described 
in Art. 92. If the paper during this action be carefully defended from extraneous 
light, this is the only perceptible etTect ; but if dis[H'r';cd light be admitted, the general 
ground of the paper is turned to a pale brownish green, with exception of that por- 
tion on which the less refrangible rays fall, which, by their agency, is defended from 
the action of the dispersed light and preserves its u^ltencss, as in the case of tbe ar- 
gentine paper described in Art. 60. The qiectrum, therefor^ nltimatdy impressed, 
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consists of two portions siwilar to those described ia Art. 93, and of nearly the same 
exteot, that is to say« a white or pale yellowish portion having iti maximum of inten- 
sity at 0*0, and extending from — 11*9 (oorreoted for the sun's semidianieter) to 
+ 13*0, or chereabootSt at which point the character of the action changes, and a 
blue, of a somewhat smoky grey rast, commences, which attains a maximum at 
+ 40'(), thence degrades to an intermediate mininium at -|- 4/ 0, attains a second 
and much stronger maximum at -j- 61 '0, and ceases at 72*4. The precise numbers vary 
materially in different specimens and with the length of exposnfe. The Qrpe of this 
speotram, of its nalwtal tet^h, is represented in Hate XV. fig. 1 , in wluch the abscittse 
being measured along the length of the speetrnm, from the fiducial centre Y both 
ways, theordinates express the intensities of photogra[)hic action at each correspond- 
ing point, as estiniatcd from the amount of colour' induced or prevented. In this 
type the portion coi rcsponding to the less refrangible rays is represented by negative 
values of the ordinate agreeably to Art 93, where it is shown tliat these rays not 
only prevent the blue colour from being prodneed by the more refrangible ones, but 
deitn^ it when so produced. Another specimen gave the following dimeunons : 
Ya= - 11-4, YA = - 9-5, Yc = +300, Y d ^ + 61*0, Y«s -|- 80*4, and this is 
the greatest extent of action I have hitherto observed. 

152. A portion of the same paper was exposed, dry, to an atmosphei e of chlorine 
considerably diluted with common mr, which imparted to it a pale, dirty, greenish 
ydlow hue. Being dience transferred immediatdy to the spectrum, the riesult was 
not a little remarkable. The whole spectrum, the green excepted, was impressed in 
faint tints nearly corresponding to the natural ones. T})e red was evident — the 
yellow dilute and nearly white— the blue a tine sky-blue, while beyond the violet 
succeed«;d a train of somewhat greenish darkness. These tints proved ftigitive, and 
in twenty.^our hours were nearly obliterated. 

158. When paper finesh washed with tincture <tf guaiacnm and still wet is exposed 
to chlorine, it instantly acquires a line and full Prussian blue colour, which however 
passes speedily to brown if the action be jirolonged. The colour is difficult to pre- 
serve in its full intensity, and fades considerably in dryinfr. becoming at the same time 
somewhat greenish. Exposed wet to the spectrum, it is found to have become much 
more sensitive, and is immediately attacked with great energy by the red rays, which 
destroy the blue colour, converting it to a brownish or redd^h yellow. The action 
extends rapidly np the spectram as far as the extreme violet^ in which ray, however, 
the tint impressed or left undestroycd passes to a hue partaking of violet, and indi- 
cating by the change what ought probably to be regarded ;i-s a neutral point at 
-|- 12 U. The impressed spectrum (corrected for semidiameter) commences at a, fig. 
2, at — 13*4 ; the maximnm b of thepositivo action occurs at — 0K>, the neutral point 
c at + 13*0, the maximum d of negative astion at + 33*0, and the sensible termi- 
natkm e of the Impresrion at + 60 0. 

164. The actkm of gaseous chlorine is too «meigetic to be easily arrested at the 
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|)ro{)er point, besides which this gas also acts powerfully on the alcohol employed. 
To obviate these inconvenienct^, paper thoroagbly impregnated with guaiacum by 
wBshing with the tinctufe^ and drying in a gentle heet, was ateqied in weak aqneoaB 
solution of chlorine, by which prooen it siowly acquired a beantifbl and pan celee- 
tial blue colour. It is very sensitive, and may be conveniently used for copying eii> 
gravings, &c., which it docs witfi this singularity, that the picture penetrates the 
paper and appears on the back ut very nearly the same intensity as on the face*. In- 
deed, if the picture l>e over sunned the back will exhibit a perfect impression, while 
the lace ia spoiled, which produces a rary strange ^fSect t exposed to tiie qteetram, 
tktt Une cdour is converted to a pide reddish yellow in tbt r^jfon of the less refon> 
gible rays, and simply whitened in the more refrangible region. The action, when 
prolonged till the light seems to'have no further influence, extends from — 12*4, cor* 
rected for scmidiameter, to -|- 40, or thereabouts, where it dies away insensibly. The 
maximum of photographic action occurs at — 8*7> and some trace of a minimum is 
perceptible at + 1 Photographs taken on this paper, or spectra inipreBsed on it, 
are fugitive— lose much of their force and beau^ in a few days, and at length vanish 

altogether. 

155. When paper is washed with a solution of gnaiacura in soda it acquires a green 
colour, though the solution itself is brown. By inclining the paper and carr}'ing the 
wash always from below upwards, a very even tint may be obtained. The excess of 
liquid being blotted off, aqueous solntiott of chlorine was poured over it (on a slope) 
lili all the alkali was saturated, and the liquid ran off smelling strongly of dilorine. 
Thus was produced a paper (No. 1168.) very evenly tinted, and varying in colour 
from a deep, somewhat greenish, to a fine celestial blue, according to the strength of 
the solutions employed. It is very sensitive, and is attacked with especial energy by 
rays iu the spectrum, ranging from — 11*4 to + H'^ with a maximum at — 9 0, the 
type being as in fig. 3. 

156. When pap«- so prepared is exposed, wet, to a temperature of 2ia<* Park., it is 
immediately discoloured, the green changing to a sere or brownish yellow. The same 
change is produced after some little time at a temperature of 100^, and 'sfill more 
slowly, thougii yet completely, at 180°. At 175° the discoloration is mconiplete and 
very slow ; and below that temperature the colour is not aflfected. If the paper be 
pe^Uy dried in a temperature gradually niaeA to 9l2", the discoloration requires 
a conriderably higher temperature, ranging from 220° to 27&% according (o the lime 
of exposure, lieing very slow at the former limit and almost immediate at the latter. 
These changes are independent of the action of light, being produced under mercury. 

15/. The dciitruction by heat of the green or blue colour superinduced on guaia- 
cum by the more refrangible rays of light, was noticed by Wollaston, and it would 
seem, on a consideratkm of his experiments and of those described in the last article^ 
that nothing further is requisite for operating the change from the green or bine to 
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the yellow state, than the assumption of a certain temperature dependent on its state 
of drynew, and varying aooordinf to that atate betireen the limits of 180^ and 98<f . 
NevoitheleM, if we eootider that the HUDe ohange if prodnced by layn of the apeo- 
trom which are veiy far from being the hotttst^ while y^ the extra^pectral thermic 
rays, under precisely the same ci rooms tances of exposure, produce no i^nch effect, 
though far surpassing in mere calorific power those which do, we sl)all ^te reason to 
doubt the sufficiency of this view of the matter, i'be following experiments were 
therefore iostitnted with a view to its further dnoldation. 

168. A slip of the papw No. 1 168 was moistened and sobjected in clear sunshine 
to the action of the spectrum. The colour was discharged from the i-egion occupied 
by tho less refrangible luminous rays, as described in Art. 155. Ar the snme time, 
the more distant thermic rays beyond the spectrum produced their proj)ei effect, in 
evaporating the moisture from those portions on which they fell ; so that in due time 
the heta-*foU ) and y became apparent (see Art. 136)» the former very distinctly, 
the latter perceptibly. The spot jS (which is remarkable) was scarcely if at all formed. 
So long then as the paper continued moist and remained under the influence of the 
thermic rays, the appearnnces were those of a diminution of colmn- (Art. I'U.), ope- 
rated by the thermic rays i and 7. But the discoloration in these points was only 
apparent^ for as the paper dried these heat-gpott disappeared, leaving its colour quite 
nnchanged at those points j while the pbotogrsphic impression really prodnced 
within the visible spectnim, remained and went on increasing in intensity. The 
non-luminous thermic rays, therefore, though clearly shown to have been active as 
heat, were yet inca[)uhle of efTecting that peciiliur chemical change which other rays 
much le^s copiously endowed with heating power, were all the while producing. 

159. It may lie objected to this, that no proof is afforded In the above-veteted ex- 
periment, that any part of the paper actmdly attained a temperatnre of 180^ or more ; 
that in oonsequence no discoloration due to the action of heat (fwoacf heat) was 
produced ; and that the discoloration which did take place was mi generis, and ori- 
ginated with the light and not the heat of that part of tlie spectrum to which it 
corresponded. A slip of the same paper ( 1 168.) was therefore exposed dry to the spec- 
trum in such a way as to leave its back accessible j and an iron heated below redness 
was then approached to it so asjmr «of to discolour the paper. Under such circnm- 
stances it might be expected that the acMitional heat thrown on the paper in the 
r^on of the thermic rays would turn the scale in their favour at their points of 
greatest intensity, and give ocular proof of tlieir action by a decided discharge of 
colour at those points. But no such result was obtained, nor could i succeed in ren- 
dering visible any of the heat-spots a, /3, 7, 1, even when the heated- hnm was brought 
so near as to produce a eomraeooement of disooloration over the whole of that region 
of the paper where they ought to have ijhown themselves. 

160. On the other hand, u remarkable, but by no means an unexpected, influence 
was exercised by the beat so thrown on that part of the paper where the less refran- 
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gible rays fell, and where the discoloration was in progren under their agency. For 
it was observed tbat, under these cireumstances, the dlseolomkm in question went 
on with mnch greater rapidity, so much so indeed, that the same amount of it, which 

without extraneous heat would have required twenty minutes or half an hour's ex- 
posure to the «pentrum to produce, was now pro<lnro(l in two or three minutes. Ob- 
scure terrestrial heat, therefore, is .shown to be capable of assisting and being assisted 
in operating this peculiar change, by those rays of the spectrum, whether linotnons 
or thermic, which occupy its red, yellow, and green regions ; while on the other hand 
it receives no sacb assistance from the purely thermic rays beyond the spectrum, 
acting under precisely similar circumstances, and in an equal state of condensation. 

10] When heat was similnrly applied by radiation from behind, and from a non- 
luiumous source, over tlie mart' refrangible region of a spectrum thrown on paper 
simply washed with tincture of gtuiiacum and not previously blued either by chlorine 
or by light, the blue colour induced in the more refrangible rays was still pco> 
doced, and of the same tint in the same points as if no heat had acted. This effect, 
the contrary to wliat the previous experiment would have led to expect, shows bow 
little any reasoning"! on those points enable tis at present to antietpate experience. 

162. The discharge of colour from blued guaiacum by mere heat, has been shown 
above (Art. 156.) to take place at a much lower temperature in the presence of 
moisture than when dry ; and a ininilar destruction of coioor, ander similar circum- 
stances, taltes place with many other vegetable preparations. Paper, for instance, co- 
loured with the juice of the Plola tricolor (Art. 90.), is speedily whitened in the dark, 
while wet, by the heat of boiling water, though dry heat docs not affect it. And 
under the action of the spectrum it is discoloured (though much more slowly) by the 
same, or nearly the same rays which are effective in the case of goaiaenm. The co- 
lour of paper tinged with the juice of the common red stock is not affected when 
dry by any heat short of what suffices to scorch the paper, but when wet (as when 
exposed to steam) it is speedily discharged. There are few, if any vegetable colours 
indeed which lon^' resist the eoniliined effects of beat and moisture, even when light 
is excluded, still less when admitted*. 

Of Ike Coknm Fhwen m general wider tke oeltM ^ the Spectrum, 

163. In operating on the colours of flowers I have usiuilly proceeded as follows »— 

the petals of the fresh flowers, or rather such parts of them as possessed a uniform 

tint, were crushed to a pnlp in a marble mortar, either alone, or with addition of 
alcohol, and the juice expre^^sed by squeezing the pulp in a clean linen ur cotton cloth. 
It was then spread on paper with a flat brush, and dried in the air without artificial 

* On the efifecU of light, air, and moisture at common tcm}>craturc!«, as clii>culuaring agents oa wveral dyeing 
nutariili. I BM^ fefer to M . Cbuvmkvl'* eldbante nsBwir (Aead. R. dn Behons, taoi. mL), M. Cnivisvi't 
esperimentv, however, relate to the action of light (imply lu it coracft from the sun wiUmit |NniMlie MlfH^ 
tkm. and baire therefore little cnr aothtn^ in codhkhi with the olgectoof this Vf- 
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beat, or at moat witb the gentle warmth irhieh riges in the aaoendnig cnrrent of air 
from an Amott stove. If aloobol be not added, the application on paper must be 
performed immediately, since ovpn^nre to the air of the juices of most flowers fin 
some cases even for but a few minutes) irrecovenibly cliarii^tsi or destroys their co- 
lour. If alcohol be present this change doe« not usually take place, or is much re- 
larded i for which reaaon, aa well as on occoimt of oertain fiudlitics afibrded by its 
admixtare in procaring an even tint (to be presently stated), this addition was com* 
oionly, but not always made. 

16-1. Most flowers give out th«Mr colouring matter readily enough, either to alcohol 
or water. Some, however, ns the Escholzias and Calceolaria'?, refuse to do so, and re- 
quire the addition of alkalies, otiiers of acids, Ike. When alcoliol is added, it .should, 
howefer, be observed that the tint is often, apparently, much enfeebled, or even dis- 
charged altogether, and tliat the tinctnre, when siNwd on paper, does not reappear 
of its due intensity till after complete drying. The temporary destraction of the 
colour of the bine heartsease by ali-ohol has been tioticed in my former paper (Art. 
90.), nor is that by anv means a sing^idar instance. In some, but in very few case>^, 
it is destroyed, so as neitiier to reappear uu drying, nor to he capable of revival by 
any means tried. And in all cases long keeping deteriocates the colours and alters 
the qualities of the alcoholic tinctures themselves, so that th^ should always be used 
as fresh as poasible. 

ir>5. If papers tinged with vegetable colours are intended to be preserved, they 
must he kept perfectly dry and in darkness. A close tin vessel, the air of which is 
dried by quicklime (carefully enclosed in double papt r bags, well pasted at tlie edges 
to prevent the dnst escaping), is useAiI for this purpose. Moisture (as already men* 
tioned, eqwcially assirted by heat) destroys them for the moet part rapidly, though 
some (as the colour of the Senecio aplaidaiti resist obstinately. Their destructibllity 
by this agency, however, seems to bear not distinct relation to their photographic pro- 
perties. 

106. This is also the place to observe that the colour of a flower is by no means 
always, or usually, that which Us expressed jnice imparts lo wUte paper. In many 
eases the tints so imparted have no resemblance to the original hue. Thus, to give 

only a few instances, the red damask rose of that intense variety of colour, commonly 
called by florists the Black Rose, gives a dark slate blue, m do also the clove car- 
nation and the black holyoak ; a line dark brown variety of Sparaxis gave a dull 
oUve green ; and a beautiful rose-coloured tulip, a dirty bluish green ; but perhaps 
tb« most strikinf case of this kind is tlmt of a common sort of red poppy (P^ftater 
JttoHi?), whose expressed jnice imparts lo paper a rich and most beautiful blue co- 
lour, whose dcgant properties as a photog^hic material will be further alluded to 
hereafter*. 

• A oeminiltirated rarietj* was used, having dark purple 'jKjts at ilio liafos of tlic petals. The mmnan ml 
poppy of the chalk {Fapaver Aybrithtm) gives a pmple colour much Um sciuitive and beautiful. 

3b3 
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167. TtnM change of colour is probably owing to diflkrent cames io diffierent 
flowers. In some it undoubtedly arises from the escape of carboluc acid, but tins ai a 

geDeral cause for the change from red to blue, has, I am aware, been cootroyerted*. 
In some (as is the case with the yellow Ranunculi) it seems to arise from a eliomi- 
cal alteration depending on absorption of oxygen ; and in others, specially where 
the expressed juice coagulates on standing, to a loas d vitality or diaotgaaisatioii of 
the tnolecoles. The fresh petal of a siogie flower, merely eradied 1^ rubbing on dry 
paper, and instantly dried, leaves a stain much more nearly approximating to the 
original hue. This, for exariij)le, is the only way in which the fine blue colour of (he 
common field Veronica can be imparted to paper. Its expressed juice, hon ei cr 
quickly prepared, when laid on with a brush, affords only a dirty neutral gray, and 
so of many others. But in this way no even tint can be bad, which is a first requi- 
site to the experimeDls now in qoestion, as well as to thdr application to photography. 

168. To secure this desirable evenness of tint, the following manipulation will ge- 
nerally be found successful. The paper should be moistened at the back by spon- 
tpng and blottinp oft' It shonhl then be pinned on a board, the moist side downwards, 
so that two of its edges (suppose the right-hand and lower ones) shall project a little 
beyond those of the board. The board bang then inclined twenty or tbtity degree 
to the horiaon, tlie alcoholic tincture (mixed with a very little water, if the petals 
themselves be not very juicy) is to be applied with a brush in strokes from left to 
right, taking care not to go over the edges which rest on the board, but to pass 
clearly over those wliicli iiroiect nnd observing; niso to carrv tin- tint from ht-htsv up- 
wards by quick sweepuig strokes, leaving no dry spaces between them, but keeping 
up a continuity of wet surface. When all is wet, cross them by another set of strokes 
from above downwards, so managing the brash as to leave no floating liquid on the 
paper. It must then- be dried as quickly as possible over a stove, or in a current of 
warm air, avoiding, however, such heat as may injure the tint. The presence of al- 
cohol prevents the solution of the f^iimniy principle, which, when present, gives a 
smeary surface; but the evenness of tint given by this process results chiefly from 
tliat singular intestine movement which always takes place when alcohol is in the act 
of separation from water by evaporation— a movraient which disperses knots and 
blots in the film of liquid with great enei^, and spreads them over the surrounding 
surface. 

169. The action of the spectrum, or of white lig-ht, on the colours of flowers and 
leaves, is extremely various, both as regards its total intensity and the di»ti ibution of 
the active rays over ^ spectrum. But certain peculiarities in this species of action 
obtain almost universally. 

Jst. The action is positiw, that is to say, light destroys cdour ; either totally, or 
leaving a residual tint, on whicli it has no further, or a very much slower action. 
And thus is effected a sort of chromatic analysis, in which two distinct elements of 

* Nicaouox's Joumal. 
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colour are separated, by destroying the ooe and leaving the other ontetanding. The 
older the paper, or the tincture with which it is stuned, the greater it the amoant of 

this residual tiat. 

2nd. The action of the spectrum is confinf t!, or nparly so. to the region of it occu- 
pied by the luminous rays, as cotitra-ilistingiii&hed botti iioni iIk so-called chemical 
rays, beyond the violet, which act with the chiet energy on ar^eutine compounds, but 
are here for the moet part iaeffiBetiv^ on the one hand, and on the otlier, Grom the 
thermic rays bqrond the red, which aj^ear to be totdly so. Indeed, I have hitherto 
observed no instance of the cxteniimi of this description of photogra[Aie action on 
vegetable colours l)eyorul, or even quite up to the extretne red. 

170. IicM(li iljese, it may also be observed that the rays eflective in destroying a 
given tint, are, lu a great many cases, those whose uuiua produces a colour comple- 
mentary to the tint destroyed, or at least one belonging to that class of colours to 
which such complementary tint may he referred. For example, yellows tending to^ 
wards orange are destn^fed with more enerpry by the blue rays t bines by the red, 
orange, and yellow rays ; purples and pinks by yellow and green mys. 

171 • These are certainly remarkable and characteristic peculiarities, and must 
indeed be regarded as separating the luminous rays by a pretty broad line of chemical 
distinction from the non^lnminons; though whether th^ act w tmeky or in virtue of 
some peculiar chemical quality of the heat which accompanies them 09 keat, is a p^nt 
which the experiments on guaiacum, above described, seem to leave rather equivocal. 
In the latter alternative, chemists must henceforward recognize differences not simply 
of intensity, but of quality in lieut from different suurccii; uf quality, that is to say, 
not merely as regards degree of refrangibility or transcalescence, but as regards the 
' strictly chemical changes it is capable of effiwting in ingrediotts 8ub|ected to its in- 
flaenee. 

173. As above stated, these peculiarities, at least the first two, obtdn almost uni- 
versally. Exceptions, however, though very rare, do occur, as will be more particu- 
larly mentioned hereafter. The third rule is much less general, and is to be Interpreted 
with considerable latitude; but among its exceptions I have been unable to detect 
any common principle capable of being distinctly enunciated. 

173. Lastly, it requires to be eKprenly mentioned, that the habitudes of the colours, 
both of the flowers and leaves of plants, with relation either to white light or to the 
prisinafic rays, vary inaterially with the advance of the .season, and perhaps also with 
the hour ot the day at which they are gathered. Gecicrally speaking, so far as I have 
been able to observe, the earlier flowers of any given species reared in the open air 
(praWded they are well ripened, i.e. the colour folly devdoped) are more sensitive* 
than those produced evra from the same plant, at a late period in its flowering, and 
have their colours more completely discharged by light. As the end of the flowering 
period comes on, not only the destruction of the colour by light is slower, but residual 
tints are left which resist obstinately. A very remarkable case of this kind was no- 



Digitized by Google 



190 



SIR J. F. W. HBRSCSBL ON TH£ ACTION Of THB tAYS 



ticed in ^3l^f»txs et^otmca, the earliest flowers of which exhibited in the pliotti* 
graph of th«r spectram a welt>in8nUred round spot» eaten away by red rays almoot 
at its extremity, which spot I never was able to reproduce with later flowers from 
the same root. Tho^e i^'atliered at the end of its flowt'ring- > left u residual yollov 
of extreme obstinacy*, Mhith «as by no means the eiise with the earlier flowers. 

1/4. It would be waste of time to enumerate all the vegetable tints which I have 
anhjected to experiment, comprising most of the ordinary hardy garden and wild 
flowers ct the country. To the rarer and more splendid species which adorn the 
stoves and greenhouses of florists, I have had little access, a circumstance I much 
re;ri-ct,and wliic li leads mt- to takt; this opportunity of mentioning, that speciiiR-ns of 
paper stained with the juices of highly-colonred, or otherwise remarkable dowers or 
leaves, either by alcoholic extraction, or by simple expression (it accompanied with 
the botanical name of the plant used), will be highly accqitable, from whatever 
quarter received. I shall here set down only those which aflorded some ground for 
spedai remarit, so fiir as I have yet pushed the inquiry. 

Colour* ^ partkmlar Ftoteert, 

175. Corchonu Jaj^udca. — The fl^owers of this common and haixly but highly or- 
nainental plant, are of a fine yellow, somewhat inelining to orange, and this is also 

the colour the expressed juice imparts to paper. As the flower tiegins to fade the 
pHiiis whiten, an indication of their photographic sensibility, whirh is atn|ily verified on 
exposure of the stained paper to snnshine. I have hitherto met with no vegetable 
colour so sensitive. If the flowers be gathered in the height uf their season, paper so 
coloured (which is of a very even and beautiful ydlow) begins to discolour in ten or 
twelve minutes in clear sunshine, and in half an hour is completdy whitened. The 
colour seems to resist the first impression of the ligh^ as if by some remains of vl* 
tality, which being overcome, the tint ^.''ives way at once, and the disrdloration when 
conunenced goes on rapidly. It (Uhs nut even ctasc in the dark ickm once begun. 
Heuce it happens that photographic impressions taken ua such paper, which when 
fresh are very sharp and beaotifol, fiide by keeping, visibly from day to day, however 
carefolly preserved from light. Spectmens of such photographs (co^cs of engravings) 
are submitted with tUs paper for inspection. Tlioy require from half an hour to an 
hour to complete, according to the sunshine. Ilydriodate of potash cautiously ap- 
plied, retards considerably, but does not ultimately prevent, this spontaneous dis> 
charge. 

176. Eiposed to the spectram, in about fifteen or twenty minutes the colom* is 
totally destroyed and the paper whitened in the whole region of the green, blue and 
violet rays, to which therefore the most energetic action is confined, agreeably to the 
law of complementary tints (Art 17O.). If the action of the spectrum be prolonged, 

* Pro^rJ)1y, thcrufou', uacful in dyeing. The spfloin il dttt ttOtt COBMMBilj Cldliviited itt |Mideii4, nilk 
blight fdlow petals having otange-coknired bates. 



Digitized by Google 



OF TBB aOI^R SPBCTftUM ON VBOBTABUI COtOUM. 



191 



a much feebler whitening bccomet wiidble in the red, aad a teaee of it ilm bqmul 
the violet into the <' lavender'* rays. In thia ttate the type of the impresaed spectram 

(in an experiraent made on the 7th of April in the present year) was as in fig. 4, in- 
dicating three obsolete maxima c, d, e, and a very sudden diminution of the action at 
6, jT, the dimensions being as follows : Y a = ~ 9"4, Y5=-}-7*l,Yr=:-f- 12-5, 
Yrf= + 23-5, Yc= 4-34 0, Y/= -f 41 4, Y^ = +59/. The paper ihus impressed 
was again re-examined on the 2nd of May, or after twenty-live days, during which 
interval it bad been expoeed to free air, bnt only to feeble and diaperacd oceaflionai 
lighta. It WR8 found to have undergone a remarkable obangc, two distinct white 
spots having become insulated, or nearly so, at the very extremities of the impressed 
spectrum, the three niaxiina above indicated having also become much more distinct, 
and two new, subordinate ones, having begun to show themselves in the faint tract» 
connecting the spots above mentkmed mtfa the main imprenion. The type of the 
apectmm in tbia state was aa repreaented in fig. 5, and tlie piacea of the aeveral max- 
ima being as follows 1st, — 10-0 $ 3nd, — 0 5 ; Srd, -|- la-O ; 4th, + 39-0 } 5th, 
+ 40'0 ; 6th, + 50 : : ; /th, + 61'0. The tei iniiiul spot at the red extremity was nearly 
eqoal in diameter to the sun's imaere ; that at the least refracted end, corresponding 
in place to rays much beyond the last violet, was smaller, but perfectly distinct ; 
and aa it cmiatitates tlte only inatsoce I have yet encountered of a defimte ray in this 
regi<m of the speetmm*, I 1mv« been thus particalar in describing the plienomenon. 

1/7. Common ten-weeks Stack, Mathiola aintuj^—The. colour imparted by the pe- 
tals of the double variety of this flower-f- to alcoliol ( at least wlien spread on paper, for 
it is in great measure dormant in the liquid tincture) is u rich and tlorid rose-red, 
varying, however, from a fiery tint almost amounting to scarlet, on the one band, to 
a somewhat crimson or slightly pnrplish red on the other, aceorduig to the acct> 
dents of its preparation, or the paper used. When fresh prepared it is considerably 
senntive, an hoar or two of exposure to sunshine being sufficient to produce a sen- 
sible discoloration, and two or three days entirely to wliiten it. This quality is 
greatly deteriorated by keeping, but papers prepared witli it even after eii^lit or ten 
nionth.s, still with patience yield extremely beautiful pliotograpbs, several specimens 
of which in varioos states of the tincture are submitted for inspection to tbe meeting. 
Exposed to the speetmm, the rays chiefly active in operating the diaoolonition are 
found to be those extending from the yellow to the less refrangible red, beyond wbich 
raj's tbe action terminates abruptly. Al)0ve the yellow it degrades rapidly to a 
minimum in the l>lne. beyond wliiel) it recovers somewbat, and attains a second but 
much feebler maxtjuuui ia the violet rays. 

* Since xh\^ wr<.i written, other cunii <xtwawi^ w m i rtalilr , iw^fte iigntiiit piqiM l«i i i> ,l Mi » »| i iM aHtBd 
themselm. site Art. JU. 

t That imparted by the single iiovcn it TtTf inttdi ICM MOdthr^ At ia «Im tbut of Ae 4alt X«d or purplish 
variety, irfaethcrdiMiUewaiiigle. Tlie BMrt ioraindiktdilofloipm la tliob(%fat«f tiimrflomc^ 
thu bertoolottr. 
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I7ti- P&per stained with the tincture of this flower is cbanged to a vivid scarlet -by 
RCidSt and to gnea by alkaliea ; if ammonia be used the red colour it reetored as the 
ammonia evaporates^ proving the absence of any aad quality in the colonring matter 

sufficiently energetic to coerce the elastic force of the alkaline gas. Sulphurous acid 
whitens it, iis do the alkaline sulphites; but this effect is transient, and the red colour 
is slowly restoreci by free exposure to uir, especially with the aid of light, whose in- 
fluence in this case is the more remarkable, being exactly the reverse of its ordinary 
action on this colouring principle, which it destroys trreeoverably, as above stated. 
The following experiments were made to trace and illustrate this curious change. 

1/9. Two photographic copies of engravings taken on paper tinted with this colour 
were placed in ajar of sulphurous acid ^s, by which they were completely whitened, 
utiU all traces of the pictures obliterated. They were then exposed to free air, the 
one in the dark, the other in sunshine. Both recovered, but the former much more 
riowly than the latter. The restoration of the picture expoaed to sun was completed 
in twenty-four hours, that iu the dark not till after a lapse of two or three days. 

180. A slip of the stained paper was wetted with liquid sulphurous acid and laid 
on blottinc'-paper similarly wetted. Being then crossed with a strip of black paper, 
it was luiU between glass plates and (evaporation of the acid being thus prevented) 
was exposed to full sunshine. After some dme the red colour (in spite of the pre- 
sence of the add) was considerably restored in the portion exposed, while the u^e 
of the portion covered by the black paper remained (of couete) perfectly white. 

181. Slips of paper, stained as above, were placed under a receiver, beside a small 
capsule of lirpii'l Hulphurous acid. When completely discolonred they were subjected 
(on various ucca.sions, and after various lengths of exposure to the acid fumes from 
half an hour to many days) to the action of the spectrum ; and it was found, as in- 
deed I bad expected, that the rtdoraHim tx^awr wtu tiferuted rays eoH^jdemaU- 
ary to those which destroy H m the nOttenU Hate ^ the paper : the violet rays bdng 
chiefly active, the blue almost equally so, the green little, and the yellow, orange, 
and most rcfrnntrible red not at all. In one experiment a pretty well-defined red 
solar image was developed by the least refrangible red rays also, being precisely those 
for which in the nnprepared paper the discotonriog action is abruptly cut off. But 
this spot I never succeeded in reproducing; and it ought also to l>e mentioned, that, 
according to differences in tlie preparation not obvious, the degree of sensibility, ge> 
nerally, of the bleached i)aper to the restorative action of light differed greatly; in 
some case': a perreptiblt-- reddening being produced in ten seconds, and a considerable 
streak m two minutes, while in others a very long time was required to produce any 
effect, 

182. The dormaney of this colonring piindple, under the inflnence of sulphurous 

acid, is well shown by dropping a little weak sulphuric acid on the paper bleached 
by that ga.s, which immediately restores the red colour in all its vigour. In likeman- 
ner alkalies restore the colour, converting it at the same time into green. 
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183. Papaver orientule. — The eUeinical habitudes of the sulphurous acid render it 
highly probable tbat its action, in inducing a domaat state of the colorific principk, 
oonaiati in a partial deoxtcKsemeDt, aaaecoinpaiiied bovem with disoi^nisation of 

its molecules. And this view is corroborated by the similar action of alcohol alrcady^ 
spoken of; similar, tliat is, In kind, though less complete in dcp^rce. Most com- 
monly, vegetable colours, weakened by the action of alcohol, are speedily restored 
on the tutat evaporation of that ingredient. But one remarkable instance of absolute 
dormancy indaced by that agent, has occurred to me in the case of the Bapauer 
erimaaief a flower of a vivid orange eoloar, bordering on scarlet, the cclooring matter 
of which is not extractable otherwise than by alcohol, and tben only in a state so 
completely masked, as to impart no more than a faint yellowish or pinkish liue to 
paper, wliich it retains when thoroughly dry, and apparently during any length 
of time without perceptible increase of tint. If at any time, however, a drop of 
weak add be applied to paper prepared frith this tincture, a vivid scariet oolonr is 
immediately developed, thus dononstrating the oontinned though latent existence 
of the colouring principle. On observing this, it ocenrred to me to inquire whether, 
in its dormant state, that principle still retained its susceptibility of being acted on 
by light, since the same powerful and delicate agent which had been shown, in so 
many cases as to constitute a general law, capable of disorganising and destroying 
vegetable coloais aetaany dmloped, might easily be presumed comiketent to destroy 
the capacity for assuming odour, in such organic matter as might possess it, under 
the influence of their otherwise appropriate chemical stimulL A strip of the paper 
was therefore exposed for an honr or two to the spectrum, but without any scn^i!>l(^ 
effect, the whole surface being equally retldened by an acid. As this experiment 
sufficiently indicated the action of light, if any, to be very slow, I next placed a strip, 
partly wv^vd, in a south-east %rindow, where it remained from June 19 to August 
19, receiving tte few and scanty sunbeams which that interval of the deplorable 
summer of 1841 alRirded. When removed, the part exposed COOld barely be distin- 
gtiislied from the part shaded, as a tritir yellowTr. But on applying acid, the exposed 
and sbaded portions were at once distinguished by the assumption of a vivid red in 
the latter, the former remaining unchanged. 

184. A menotinto jncture was now pressed on a glazed frame ov^ another por- 
tion of the same paper, and abandoned on the upper shelf of a greens-house to what* 
ever sun might occur from August I9 to October 19. Tlie interval proved one of 
almofit nnintcrrnpted storm, rain, and darkness. On removal, no appearance what- 
ever of any impressed picture could be discerned, nor was it even possible to tell tlie 
top of the picture from the bottom. It was then exposed in a glass jar to the fumes 
of muriatic acid, when, after a few minntes, the development of the dormant picture 
commenced, and slowly proceeded, <fisclosing the detdls In a soft and pleasing style. 
Being then laid by m a drawer, with free access of air, the picture again faded, by 
very slow dcgi-ees, and on Janiuuy 2, ISV2, was found quite obliterated, h&ng then 
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again subjected to tlie aekl vapour, the leoloDr WM rcprodaced. Hoir oftn thii al- 
tenmtioii might havtt gone on I caaaot say, the apecuBea hamag been mtoloid or 
destroyed. Bnt a portion of endi paper photographically impiesitMxl mth a a tw a ped 

pattern, accompanies thh communication for the satisfaction of any MerTiber who 
may wish to try the experiment. The extreme slowness of the action [)n i hides any 
prismatic analysis of the process, and it cannot be too often repeated that the u^e of 
coloured gkms ni wcA wfinrier atnm on^ to MtiML Of doraMtnt photographic 
impressioiie generally, whether sloirly devdoping^ tbemedvee by inpee of lim^ or at 
once rcvivable by stimuli, as well as of the spontaneous fading and disappearaaoe of 
such impressions, I shril! have more to say hereafter, having enconntercd several very 
cnrions cases of the kind in studying ttie habitudes of gold, platina, &c. I would 
here only observe, that a consideration of many buch plienoraena has led me to regard 
it as not hnpoestble that the redna Hielf may be photographkalltf impraable by 
strong lights, and that some at least ef the phenomena of visoal spectra and secondary 
colours may arise from the sensorial pereeption of actnal ofaaoges in progress in the 
pbysical state of that organ itsd^ subseqaemt to the oewation of the direct stimulant. 

TuKMXKKi — farther proofs of the cmUmuation of the vUibU Prismatic :^ectrum 

bijfond the extreme flolel. 
16ft. The notion of light on paper eoloored with the akohoUc tincture of turmeric is 

but feeble. If long continued, however, it is whitened in the region of the blue and vio> 
let rays, from -(- 10 to + 43, or thereabouts, the maximum beiog^ at -J- 23*6. The paper 
browned by carbonate of soda is somewhat more sensitive, especially when wet, in 
which case an abruptly terminated action is perceptible in the red region, giving rise 
to a double manmnm at — 10^ and -f- SS'S, with an intermediate minimnm at — 4*0. 
I should not have tiMmglit it necessary, however, to mention tids paper, bnt on ao» 
count of a remarkable peculiarity in its reflective power, in virtne <tf which it renders 
vcr>' ])hiiiily visible a prolongation of the spectrum beyond the extreme violet, in the 
region of what I have termed in my last paf>er, the Lavender rays. As tlie experi- 
ment is easily made, and affords a ready method of rendering visible this part of the 
spectrum, I shall describe, with some nunuteness, the appearances which presented 
themselves in my experiments, and which seem to place the real cadsteoce of those 
heretofore nndescribed luminous rays beyond all reasonable objection, should aiqr 
doubt have arisen as to the interpretation of the phenomenon described in my former 
paper (Art. 59.). 

186. Paper stained with tincture of tormeno is of a brilliant yellow colour, and in 
consequence, the spectmra thrown on i^if eaqMSed in the open daylight, is considmnbfy 
alfecled in its iq^nrent colours, the blue portion appearing idolet, and the violet very 
pale and faint ; but beyond the region oocnpied by the violet rays is distinctly to be 
seen a faint prolongation of the spectrnm, terminated laterally, like the rest of it, by 
Strait and sharp outlines, and which in ibis case affects the eye with the sensation of 
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a pale yellow colour. Comparative measurei were carefully taken of the spectrum 
•0 pralmiged, and of the onUnary spectmin ai leen projected on white paper, the r»> 
•nits being as followt (see 6g. 6.) : — 

Length the apectrum Y L from the fiducial point Y to the vidblel i'<u^^ 
termination L, as seen (with the naked eye) on ttie turmeric paper; fsi &6'6 

corrected for o's seinidiameter 

Length Y V from the same fiducial point to the visible tertnioation, 
as similarly seen when projected on white paper 

Proloiii,Mi i jn rendered visible by projection of the spectrum on tur-"! 
merle papf r J 

187- The day on which this expenment was first made (May 2/, 1841) was serene 
and clear, hot being aware that in oertain slates of the atmosphere a Tortioal beam 
of halo-light passes through the sun, which in a meridional positimi of that luminary 

migki give rise to a perceptible |wolongation, both upwards and downwards (though 
in fact no such prolongation was perceived ut tlie red end), it was often repeated, and 
always with the same result, on subsequent occrasions, whether the suri wore on ay 
near the meridian, or otherwise. Comparative trials, also with other yeiiuw papers, 
fully satiified me of the oause being traoeable to a pecoliarity in the eokmriag male- 
rial, as to its reflective powers. In partioular, a oertab paper (No. 1065.) ooloured 
with die jmoe of CbyMit caU/omica, whose tint was almost identical with that of the 
turmeric paper, only somewfiat hri^jhfer, was tried, and the spectrum measured on 
this paper was found to terminate precisi lyat 14 0, i. e. (correcting for semidlametet) 
at 40*4, the very same m if white paper had been used. 

186. Td test the natter yet more pointedly, a strip of tunneric paper was Ifated on 
the Cknfs^ paper, so that its edge should bisect the spectrum l<N|gitudinaIly from 
end to end, the preceding half of the sim*s lengthened image beang received on the 
one paper, and the following half on the other. The papers thus arranged were so 
similar as hardly to be distin^ished when simply laid in sunshine, but when illumi- 
nated by the spectrum, as above described, the half of it on the turmeric side was 
plvnly seeo to extend for b^^ood the other, as represented in fig. 6. 

180. Hitherto I have met widi only one other cokmred paper which poasesses a 
HfflUar character in respect of its reflective power, and that by no means in so high 
a degree. To prepare it, the alcoholic tincture of the dark purple dahlia muM be 
alkalized by carbonate of soda. The mixture is vivid green, which is also, at first, the 
colour of paper stained with it. But tiiis colour changes in about twenty-four hours 
to a fine yellow, a Ktde inclining to orange, after which H is remaritably permanent, 
and very little sensible to photogia|diic impression. Oto this, as on the turmeric paper, 
the prolongation of the spectrum appears as a pale ydlow streak. And if 8ttOh,iaUier 
than lavender or dove-colour, should be the true colorific character of these rays, we 
might almost be led to believe (from the evident reappearance of redness mingled with 
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bine in the violet rays) in a repetitifwi of the primary tints in thdr order, beyond the 
Newtonien spectrom, and that if bf any concentration raya Btill fnrther advanced in 
the " cbeinicaP spectrum could be made to afl^ tbe eye witb a aense of ligbt and 
colour, that colour would be green, blue, ftc., according to the augmented refran- 

gibility. 

190. Cases of negative Photographic Action on Vegetable Tints. — ^Atnoog a collec- 
tion of plants which I made at the Cape of Good Hope, and have succeeded in rear- 
ing in ]&igiand, occurred three species of a genns alUed to Anthericnm, with brilliant 
yellow flowers in lengthened spikes, and highly characteristic furred anthers, to which 

I am not botanist enough to assert the correct ai^iilir ation of tbe naiiie Bulbine, as- 
sifj^ried to them by a friend in Cape Town. Of tlicie three species, two {Bulbine 

bisuicata and ) yield from the green epidermis uf tbeir leaves and 

flower^HES a bright yellow juice, which datkens rapidly on exposure to ligbt, 
changing at the same time to a mddy brown. ExpMcd to the spectrum, the lees re- 
frangible rays are found inoperative, either in inducing the change of tint, or in pre- 
serving that portion of (be paper on wbieh they full from the influence of dispersed 
light. The negative action commences at the fiducial yellow, is very feeble as far as 
+ 10, where it begins to increase, and is strong at + 23, where the niaxinnun of 
eflbct is situated. Hence it degrades more slowly, is still pretty strong at + 60, and 
may be traced as &r as 60, being therefore nearly commensurate with the spectram 
impressed on nitro-argcntine paper, a range of action unique, so far us my experience 
goes in v'ef;:etable photography, 'i'he species cxpcrtmentcd on is that which (sup- 
posing'^ it iindescribed) 1 shoultl he (iis|)osed to eall iritingtihris, from the angular 
section ol '\t» long, slender, smooth, solid leaves; which, witli the singular character 
of its juice, may serve to identify the species, my own specimen (u single one) having 
been destn^ed by insects after flowering superbly. The ultimate tint acquiied by 
tlie juice is a deep brown, to which it also passes in darkness, but much more slowly. 
The juices of both species, however, have the same photogrnphtr characters. 

191. Chetrnnthus cheiri, ff 'tiU-Jlower. — A cultivated douhle variety of this flower, 
reuiarkuble for the purity of its bright yellow tint, and the abundance and duration 
of its flowers, yields a juice when expressed irith alcohol, from which subsides, un 
standing, a bright yellow, uniform, finely divided foenU^ teavUig a greenish yellow 
tmnsparent liquid, only slightly coloured, supernatant. The fccnia spreads well on 
paper, and is very sensitive to the action of light, but appears at the same time to 
undergo a sort of chromatic analysis, and to comport itself as if composed of two 
very distinct colouring principles, very diil'erently affected. The one on which tbe 
intensity and snb-onmge tint of the colour depends is speedily destroyed, hot the 
paper is not thereby folly whitened. A paler yellow remains as a residual tint, 
and this, on continued oqposure to light, so far from dimimsbing in tone, slowly 
darkens to brown. Exposed to the speetnim, the paper is first speedily reduced 
nearly to whiteness in the region of the blue and violet rays. Alore slowly, an iosu- 
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tated solar Image b vhitened at — ID'S, or in the less reftan^ble portkm of the red, 
and the imprMud «peetram anumeB the type repiewnted in fig. 7t where m Y ss — \(yb\ 
MifY= + 13*0 ; Y c = + 55. The exposure contmidiig, a browa iiii|»e88ion begins 
to be perceived in the midst of the white streak, which darkens very slowly from 
+ 18 6 to + It never attains any great intensity, but presents a singular ap- 
pearance iu the midst of the white train previously eaten out. 

199. The juice in question contains gallic acid, and probably tannin, as is evident 
from Its striking a strong blaclc with persalts of iron. The gallic acid Itsdf (whose 
singular properties, in conjunction with nitrate of silver, have been developed by Mr. 
Talbot, as the basis of his all but mag^ical process of the calotype*) is afTected also 
negatively by light. Pappr wa^ftpfl ^rith its spirituous solution and partially covered, 
being exposed several nionitis in a window, was found pretty strongly darkened in all 
the exposed portion. The aetimi is too slow far prisnntic analysis, and I am for 
from attribating to the presence of this acid the phenomenon alwire recorded. It 
would rather appear as if some portion of a more deddedly negaliTe ingredient ana- 
logous to that which exists in the Jiulhine, were present. As regtirds the positive 
ingredient, I may mention here the common Marii'nhi (in uhlcli ixl'n^ the colour 
resides in an insoluble fsecuia) as a flower in which the colouring priocipte is probably 
identical both with this and with that of the Corckorw Ju^mncOt since it comports 
Itself in the veiy same manner nnder the spectmm,-~is nearly, or qalte as sensitiye, 
and is moreover fogitive, even when careAiUy defended from light, giving photographs 
which cannot be pi-eserved. Many other flowers also contain in their juices a portion 
of this identical, or a very similar yellow pririciple, probably in a state of greater 
solubility, and thence disposed to the absorjition ut oxygen. Thus the juice of a line 
purely yellow species of Mi$mtlusf, if expressed, witl^ or without alcohol, though 
vividly yellow in the first moments of expresnon, passes almost instantly to dirty 
green, and loses its sensitnlity to light $ bnt If cmshed on paper and immediately 
dried, the petals give a bright yellow stain which agrees in sensibility, and in the 
type of the impressed spectrum with the Curchorus. The Fn-ranea vndtilafa, a dark 
brown flower, yields, when expressed, a doll green juice, which, spread on paper and 
dried, turns very speedily blue under the influence of the blue and violet rays of the 
spectrum t owing to the dcstmctlon <iS this yellow principle, which, mingling with the 
the sttbstratnm of blue (itself a much more indestructible tint), gives it its natural 
tinge of green. A similar destruction, of proboUy again the same yellow matter, in 

* PnpmtioiiK of the gillie leid in easjimedaa iiitli dlvw, ura notieed tif ne bt my finuMr p^ier w fbnn. 

ing B " problematic exception" to my gemml mit of success in procuring ot the very outset of my photognu 
phic experiment* (in February 1H39), papers more sensitive than tlic simple nitrated or carbonated ones, llie 
proUemi^c feature consisted in spontaneous darkening of the papers laid by to dry in the dark, so at least 
acaconiideNd,Mf«dlyuiriasdoaM«w Am incident on dwn ia thdr piepntioa. AoaMte of 
ailrcr yrns used in their preparaticMl. 
f Mimvttii SmiiAii (Liodl.). 
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the colour of the American Marigold*', causes its tint to pass rapidly in sunabine 
from hrom to gfeen, after wUch oontuioed eipocnra produces no fiirther diange. 
The yelloir colour of fredi boeflT^wVE And of pelm^oil, are also, I donbt not, referable 
to HbB mam, or a nearly eimUar coknirlnf matter, both bdn^j^ very spe e d i ly Ueaehed 

exposure to light. 

193. fiolu odorata. — Chemists are familiar with the colour of this flower as a test of 
acids and alkalies, for which, however, it seems by no means better adapted than many 
odiers ; less so, indeed, than that of the flda iriedor, the common purple Iris, and 
many others which might be named. It oflbrs, in feet, anodier, and rattier a etriidng 
instaooe of the simultaneous existence of two colouring ingredients in the same 
fldwr. r>omporting themselves differently, not only in rf'-rard to light but to chomirfil 
agents. Extracted with alcohol, the juice of the violet is of a rich blue colour, which 
it imparts in high perfection to paper. Exposed to sunshine, a portion of this colour 
gives way pretty readily, bnt a residual bloe, rather indining to greenish, resists obs> 
tinately, and reqnires a very much longer exposnrs (for whole wedu indeed) for its 
destruction, which is not even then coin{llete. Photographic impressions, therefore^ 
taken on this paper, though very pretty, are exceedingly tedious in tbdr preparatiott, 
if we would have the lights sharply made out. 

194. The residual tint thus outstanding, after long exposure, is turned, not green, 
but yellow, by allialiee ; or, if greenish at fire^ a veiy few boais safllee for the destrno- 
timi of the sl%ht remnant of bloe, and the oonseqnent appearance of the yellow oo- 
lonr. Reasoning on this fact, as well as on the action of light above mentioned, it 
seems highly probable that the tincture in question holds in solution two distinct 
colouring principles, of which the one (greatly pre{Minii( rant in quantity) is destruc- 
tible by light, and either destroyed or turned green by alkalies ; the other, indestruc- 
tible by light, and either naturally yellow in odour or changeable into ydlow by al- 
kaline agency. 

105. This view of the composite nature of the colour in question receive corrobo- 
ration from the lirthitndcs of the alcoholic tincture above mentioned, when rt'ndered 
green by admixture of carbonate of soda. On making this addition it h( i innes evi- 
dent that a large amount of colour has been destroyed ; the green tint imparted liy 
it to paper being far less intense than might be expected from tlie intensity of the 
original hue, and from the triffing d9tttioii caused by the smaU quantity of aUnline 
liquid required to effect the change. Wliat remains is a fine green ; but when ex- 
posed to light, the blue constituent alone of that green is destroyed, and a residual 
tint of pure yellow, which is very indestructible by light, is left. Exposure of a slip 
of such paper to the spectrum proves this change to be operated almost wholly by 

rays less r^ngible than the fidudal yellow. A sligbt disodoration is peroeived in 
the indigo-blae rays (at about + SO), but the green appean qdte inactive. 
196. In the case of the purple Lis mentioned atwro, when turned green by the 
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nme Magent, the tint la Mkr «ad riob«r, as well as^ pboto^apbicajly, more seuat- 
tave, aod the mrfdmJ y^kmUm •bwdaait. And ia lUi caw the reeialaiioe of the 

tint to rays of its own colour is very fltrODgly taarked. Tlie spectral impressioil oon^ 
sists, in fact, of two portions clearly separated by the whole of the interval occupied 
by the greea and groeniah blee aiffi, confomaUy to the general remark in Art. 
170. 

197. Sparaxis tncokr ?, var, — S^mulalkig eghet ^ ottafiM^Among a great many 
hybrid varietiei of this geanB» lately fonrarded tone fixun the Cap^ ooonned one of 

a very intense parplieh brown colour, nearly black. The aloohoHo extract of this 
flower in its liquid state is rich crimson brown. Spread on paper it imparted a dark 
olive green colour, which proved perfectly insensible to very prolonged action, either 
of sunshine or the spectrum. The addition of carbonate of changed the colour 
of this tincture to a good green, slightly inclining to olive, and which imparted the 
nine tint to paper. In this atate, to my snrprii^ it maaifiBated rather a high degree 
of pbotogcapiuc aensibilityy and gave very pretty pictures with a day or two of expo- 
sure to sunshine. When prepared with the fresh juice there is hardly any residual 
tint, but if the paper be kept, a great amount of indestructible yellow remains out- 
standing. The action is con^ued chietiy to the negative eud of the spectrum, the 
maximum being at — 8*0, and the sendble linute of the impression (corrected for 
•amidiameter) baing — 1 1*0 and + 66'4, of which, however, all but the first five or 
VOL parts beyond the fidnciai yellow show little mate than a trace of acti(«. A pho.> 
tograph impr^sed on this paper is reddened by muriatic acid fumes. If then trans- 
ferred to an atmosphere of ammonia, and vvhen supersaturated the excess of alkali 
allowed to exhale, it is Axed, and of a dark green colour, lioth the tint and sharp- 
ness of the picture, however, suffer in this prooeaa» 

196. Ibi Poppy— Papavet Bkmmh—Amui^f tike vageteible coloaRB totally de- 
stroyed by light, or wUoh leave no reuduai tint, at least when fresh prepared, 
perhaps the two most rich and l>eautiful are those of the red poppy, and the double 
purple groundsel i^enedo fsplenderis) . The former owes its red colour in all proba- 
bility to free carbonic acid, or some other (as the acetic) completely expelled by dry- 
ing, for the colour its tincture imparts to paper, instead of red is a fine blue, very 
alightly verging on. aiate-blue. Birt it has by no nMana the ordinary chemieal cha- 
racters of Une TCgetabfe CQloara. Caibonate of aoda, tot instance, does not b the 
leaatd^giee turn the expressed juice green; and when washed with the mixture, a 
paper results of a light slate-gray, hardly at all inclining to green. The blue tincture 
is considerably sensitive, and from the richness of its tone and the absence of resi- 
dual tint, paper stained with it alTords photogmphic impressions of great beauty and 
aharpMSB, aome of which will be ibuid among the coUeotion submitted with this 
paper for inspection. 

109. Seneeh tplendens. — This flower yields a rich purple juice in great abun- 
dance and of surprising intensity. Nothing can exceed the rich and velvety tint of 
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paper tinted with it while fresb. It is, however, exceedingly insensible to light, and 
it is only by ao exposure continued for many wedcs, that it is posrible to get a com- 
plete photographic impression of a picture on it. Still, when obtained, owing to the 
whiteness of the ground, the eflfect is pleasing, and would be beautiful were it not 
that the general tint suffers somewhat in its tone and softness of ^iu^face. 

200. 'i'iie juices of the leaves, f^talks, roots, &c. of plantfi afford a wide and inter- 
esting field of photc^rapbic inquiry. Those of leaves are for tlie most part green, 
and bdng usually loaded with gum, extractiTe, &c., are difficult of manipulation. 
Such as I have tried, which spread well on paper, as the eUIei , tlie putatoe,the night- 
shade, and a few others, proved very sensitive if gathered when just in the perfection 
of their development, and in full vitality. As the season advances they lose much of 
their sensibility. There is much uniformity in the action of the spectrum ua their co- 
lour, in consequence of which I shall content myself with describing the phenomena 
as exhibited on that of the elder leaf. The type of the impressed spectrum in this 
case is, as in fig. 8, exhibiting a strong decided maximum of action, giving rise to a 
nearly insulated solar image at — 1 1 '5, or almost at the extremity of the red rays. 
The colour of this itnag'e was a pale yellowish pink or flesh colour ; from thence the 
action is feeble, with two subordinate minima (at — 5 0, -f 6'8), with a slight intu - 
mediate raaximutn at 0*0, and beyond these (or about the termination of the green) 
the action again increases j reaches another maximum at + 2<H>, afler which it de- 
cline gradually, and beyond + 45 ceases to be traceable. Phoiognqibic pictures 
may be taken readily on such papers, half an hour in good sun sufficing ; but the glairy 
nature of the juices pnin'«-nts their being evenly tinted, and spoils their beauty*. 

201. The roddy tint w liieh comes out when the green is destroyed by light, is in 
all probability that which gives the whole colour to sere and withered leaves, whe- 
ther simply disclosed by the destruction of the green which masked it in the live 
state of the leaf, or matured by exposure to light during the wh«de season, eteber out 
of the elements of the green colouring matter destroyed, or from the other juices of 
the vegetable. It deserves to be noticed in connexion witli tfiis, that all the lively 
vegetable greens have a large portion of red in their compo^itiou, and are in fact di- 
chromatic. A good example of such a colour is a solution of sap-green, which, used 
as a prism, is seen to transmit both red and green rays, separating them by a broad 
interval which increases as the thickness or density of the solution is increased; the 
red ultimately preponderating, and the green being extinguished. If we view a 
garden or shrubbery through a glass of a pure and deep red colour, every shntl), snch 
us the laurel, of a lively ami brilliant foliage, uud ei>pecialty green grass, wiU appear 
scarlet. Under such drenmstances, a grass-plot, seen In contrast with a gravelled 
walk, shows as light on daricnns, contrary to thdr habitual order of illnmlnation. 
So great is the quantity of extreme red light reflected by a green sward, as actually 

* I have not operated on chloruph^Ia (the gma eohnniiig natter of bnves} in a alate of jNiijfy. awjng t» 
the nicety required in its prcfNintion. 



Digitized by Google 



OF TBI SOLAR 8PBCTRDII ON VBGBTABLB COLOUB8. 



SOI 



to appear bright in uppositioD to clear blue sky seen through the sanie glass in the 
quarter of tbe bearena oppoied to the kun, and that at noon day. Hie aspect of na- 
ture, indeed, when vievred tiiroogh coloured gbnea, ia fraught with cnritms and inter* 
eiUng matter uf optical remark ; but to give them their full eflfect they must not be 

merely applied to one eye for ii few moments, as in the ii^e of Claude Lorraine 
glasses. They should be worn spectacles, both eyes being used, all lateral light 
carefully excluded by black velvet friuges, and their use coutiuued till the pupil is 
Ihliy dilated and the eye fiimiliarised with the intensity and tone of the illnmination. . 
80 used, not only are tbe ordinary rdations of all lights and oohmra ■trangely and 
amusingly deranged, hot contrasts arise between colours naturally tbe most resem- 
bling, and resemblances l>etween those naturally the most opposed. We become 
aware of elements in the composition of tints we should otherwise never have sus- 
pected, and the singularities of idio-chromic vision which seem so puzzling, when 
related, eease to be matter of any surpriae*. 

S09% I than condnde tbia part of my aubject by remarkii^ on tbe great number 
and variety of substances which, now that attention is drawn to the subject, appear 
to be photographically impressible. It is no longer an insulated and anomalous 
affection uf certain salts ot silver and gold, but one which, doubtless, in a greater or 
less degree pervades all nature, and connects itself intimately with the mechanism by 
wluch chemical eombinalion and decompoailioa ia operated. The genenl inatabili^ 
of organic combinations might lead na to expect the occurrence of numeroiit and re* 
roarkable cases of this affection among bodies of that class, but among metallic and 
other elements inorganicaMy arranged, instances enoagh have already appeared, and 
more are daily presenting themselves, to justify iti« extension to all cases in which 
chemical elements may be supposed combined with a certain degree of laxity, and so 
,to apeak, in a state 4^ tottedng cqnillbrinm. There can be no doubt that tbe pro- 
cieas, in a great majority if not all the cases which have been noticed among inorganic 
substances, is a deoxidizing one, so far as the more refrangible rays are concerned. 
It is obviously so in the cases of irold and silver. In that of the bichromate of i>otHsb 
it is most probable that an atom of oxygen is parted with, and so of many others. 
A beaatifhl example of such deoxidising action rni a non-aigemtine compound has 
btdy occurred to me in tbe examination of that interestnig salt, the ferrosea- 
quicyanuret of potassium, described by Mr. Smee in the Pbilos<^ical Magasine, 
No. 109, September 1840, and which he has shown how to manufacture in abundance 
and purity by voltaic action on the common, or yellow ferrocyaniiret. In this pro- 
cess nascent oxygen is ab.sorbed, hydrogen given off, and the characters of the result- 

* The late celebrated optician Mr. i'liouGHTaii, who wa» a remarkable instance of this eort of vision, in- 

they were drawn up, nor ripe clicrrioa from the leaves of the tree which hore them. His ryes, however, were 
perfectly aeiuiblc to rays of emy refrangibiiity at light, but tbe ipectnini ail'ordcd him only the teuMtions of 
two abmn, wMcb 1m tanMd Une uA jdlowi pmnd ud pan Tdliiv tkj* cwitiBf in bb muA the mm» 
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mg compoond in respect of the oudee of iron, foradnf os it does Pniseian blue with 
prouwelte of that metal, but producing no pmdpitate with its penalts, indicate an 
excess of electro-ncgutivti energy, a disposition to part with oxygen, or, which is the 

same thinf,', to al><or!) Isydrog^n (in the presence of moisture), and tlicreby to return 
to its prii^titie state, under t'ircunistances of moderate solicitation, such as the affinity 
of protoxide of iroti (foe instance) for an additional dose of oxygen, &e. 

303. Paper simply washed with a solution of this salt is highly sensitive to the ac* 
tion of light. Prossian blue is deposited (the base being neoesBarily sui^ied by the 
destruction of one portion of the acid, and the acid by the decon^position of another). 
After half an Ihuh- or an hour s exposure to 8un«hifi«>, a very beautiful negative 
photograph is the lesiilt, to fix which all that is necessary is to soak it in water, in 
which a little sulphate of soda is dissolved, to ensure the hxily of the Prussian blue 
deported. While dry, the impresrion is dove^olour or lavender blue, which has a 
curious and striking efiect on the greenish ydhnr ground of the paper produced by 
the saUne solution. After wasUi^p, the ground colour dist^tpean, and the photo- 
graph becomes bri;j:ht blue on a white ground. If too long exposed it gets "over- 
sunned," and the tint has a htownish or yellowish tendency, which however is re- 
moved in fixipg : but no increase of intensity beyond a certain point is obtained hy 
continuance of exposure. 

204. Prismatic examination of this process dononstnttes the remaikable and vsJo- 
able fact, that the decomposition of the salt and deposit of Prussian blue is due to 
tlj( rinfion of the blue and violet rays, the less refrangible rays below the blue having 
absolutely no influence either to exalt or diminish the efiect. The limits of action 
are about -f 18 0 and + 610, fading insensibly both ways. The greatest inteusity 
<tf action is at + 38. A feebler maximum occurs at + 23. The intensity of the 
impreirion is much increased by washing with addnlated water, still more if it bold 
in solution a little persalt of iron« but in this case the ground, if not very carefully 

defended froni litrht, is Iilitc. 

205. It a solution ot ttiis salt, mixed with percbloride of iron in a certain propor- 
tion, be washed over paper somewhat bibulous and exposed to the spectrum, a co- 
pious and intense deposit of Prussian blue takes place over the region indicated in 
tbe tast article. But it does not terminate tiiere. On the contrary, the action is con- 
tinued downwards in the spectrum, not only down to and beyond the extreme red 
rays, but far l>elow, down to the very end of the thermic xpectrum (as far as the spot 
called I in Art. 136, and even with some traces of the more remote spot t). The form- 
ation of tbe deposited colour in this region is accompaaied with very singular pheno- 
mena, referable obviously to the heat devdoped by the thermic spectrum. Soon after 
the blue train, a h, fig. 9, in the poaitive region of the spectrum fe formed, and hss 
begun to acquire some intensity, an oval a, blunt at one extremity and pointed at the 
other, and of a dark brown colour, begins to appear. It enlarges rapidly, and at the 
same time tlirows forth a projection indicating the action of that portion of the 
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thetinic ipectram »> cbanu^rited in Art 186. It aho acquires a whitish narvoir 
border, indicated hy the dotted line* and very oonsincflom on the green ground of 

the paper. The action eontinnlng, the spot 7 is marked out by the extension of the 
border in that direction, soon after vvlilf li the spot U|>p''firs, in brown. T.astly ap- 
pears i with feeble truces of furtlier irre;;iilar and inte 1 ujitcd action. Measure- 
ments of these spots they appear, leave no doubt of their identity in situation with 
the thermic spots /3, 7, 3 of Art. ISA, and that they are referable to the drying of 
the paper is shoim by the fiuit, that a film of die liquid dried in a porcelain saucer 
changes from green to dark brown at a definite point of dryness. Moreover, on 
wetting the paper, tlie brown spots disappear, and in their place we find a train of 
Prussian l)lue, of varying intensity, but of uniform breadth (not swelling and con- 
tracting, as is the case with the heat-spots formed by simple drying, and ther^ore ob- 
viously due to rfrrect radiation), and terminating in two insulated and toloably well- 
defined circular spots or solar images, liolding precisely the places of y and ) (via. at 
— 357 and — 45- 1). 

'2W^. If in lieu of the perrhloride of iron, we snbislltnte a sointion of that curious 
salt the ammrmio-ntrate tf iron, the photo|^raphic effects are ainonj^ the most various 
and remarkable that liave yet offered themselves to our notice in this novel and fertile 
field of inquiry. Hie two solutions mix without causing any precipitate, and pro- 
dnoe a liquid of a brown colour, which washed over paper is green (being strongly 
dichromatic). If this be done under the prism, the action of the spectrum is almost 
instautaneou«, and most intense. A copions and richly coloured deposit of Prussian 
blue is formed over the whole of the blue, violet, and extra-spectral rays in that direc- 
tion, extending downwards ^with rapid graduation) almost to the yellow. If arretted 
when the blue is most intense and thrown into water, the impression is fixed, as in 
the accompanying specimen (see fig. 10.). But If the action of the light be continued, 
strange to say, the blue and violet rays begin to destroy their own work. A white 
oval makes its appearance in the most intense part of the bhie (fig. II.), which extends 
rapidly npwards and downwards. At a certain point of the action, the upper or more 
refrangible extremity of the white impression exhibits a semicircular termination, 
beyond which is a distinct and toferably welUdcfined em^ugate images or insulated 
drcuhur white spot, whose centre is sitns^ fiir beyond the extreme virible violet. 

207- If paper waslied over witfa tlie mixed solution in question is exposed wet to sun- 
shine, it darkens to a livifl purple and rapidly whitens again. If the exposnre be con- 
tinued, the white again darkens gradually to a brownish violet hue. But in the shade 
it slowly resumes its original tint, after which it is again and again susceptible of the 
same round of action. The moet singular and apparently capricious varieties of co- 
loration and discoloration however arise (as is so flrequentiy the cam in photographic 
experiments) from diJBsrent dosage of ingredients, order of washes. &c., so as to make 
the study of the phenomena in a high degree complicated*. A certain adjustment 

* The wlutening ia wj obviouaty doe to the deoxtdntiun <tf the piedpitated FtUMian Une and the fomnatiMi 
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of proportions gives an exquisite and highly sensitive pcmt/ve photographic paper; 
anotho*, a native on^ in which tlie imprenon of light, feeble «t firtt, ie strongly 
bimiglit out afterwards by an additional wash of the fernMesqaicfannret» &c. 

208. Tlie ordinary ferrocyanuret (the yellow salt), though pot nearly lo sensible to 

pliotoe:raphic action, is yet far from inert. In my former papr?- 1 have noticed its 
property of fixing against the further action oflight, and ultimately destroying, pho- 
tographic impressions on argentine papers. In conjunction also wttl) preparations 
of silver, it has been made by Mr. Humt the basis of a highly seniitlTe photographic 
paper. Its habitades per st are, however, not a little remarkable. Paper nmpiy 
washed with its fresh solution and exposed to the spectrum, slowly receives a deposit 
of Prussian blue over the region of the blue, violet, and "lavender" rays: but this 
never becomes intense; another series of changes commencing, indicated by the 
tormatioti of a violet-coloured streak within the blue, just where the violet itself is 
most intense in the spectmni. If the solotion be very feebly acidulated ^th snl- 
phnric acid, the Urst portion only of the spectral impression (from -f 18*8 to + MD) 
is blue, the whole of the remainder (extending to + 5 1 ) snuff brown. The dose of 
acid being incrca^t'd, the expoJ5iire prolonged, and the liquid plentifully supplied, a 
green themiii liupression is produced by the less refrangible rays, in which the 
spots a, /3, 7 are very distinct, and lie exactly (by measure) in their proper places. 
This iropresrioo eontinaes as for as the aero point, where it begins to pass into tdne, 
and gradoates insensibly into the pbotograpbie spectrum, which attains itsmarimum 
of blue at 4* 25, and is thence prolonged onwards as a doll bluish streak on a brown 
ground, somewhat broader tlian itself, and projecting like a border on both sides. 

209. If paper be washed with a solution of ammonio-citrate of iron :iud dried, and 
then a wa-sh passed over it of the yellow ferrocyanuret of potas&inin, there is no im- 
mediate formation of true Pkiissian blo^ but the paper rapidly acquires a violet pur- 
ple colour, which deepens after a few minutes, as It drie^ to almost absolute black- 
ness. In this state it is a positive photcgraphic paper of high sensibility, ami L;ives 
pictures of great depth and sharpness, but with this peculiarity, that they darken 
again spontaneously on exposure to air in darkness, and arc soon obliterated. 
The paper, however, remains susceptible to light and capable of receiving other pic- 
tures, which in their turn fede, without any possibility (so Jar as I can see) of arrest* 
ing them ; which is to be regretted, as they are very beautiful, and the paper of such 
easy preparation. If washed with ammoida or its carbonate, they arc foi a few mo- 
ments entirely olilkcrated, hut presmffy reappear,wtth reversed lights and .sh-.nfes. In 
this state they are fixed, and the ammonia, with all that it will dissolve, being re- 
moved by washing in water, their colour becomes a pure Prussian blue, which deepens 
much by keeping. If the solutions be mixed tiiere results a very darit violet-coloured 

of the proto-ferrooyanuiet of iroo ; the resumptioa of colour iu the Bhade, to the re.oxklisaneat of tbit com- 
poond, wbieb to wdl kaoiRi t» «bM(l» oxygan tm. tht pir with niditjr. ^m{i)e hiuitoD blni^ bavtm. to 
BOt wUtowl bj viotot 1^1. IttatataniMitb«poenlur. (See FwUerijit.) 
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ink, which may be kepi imii^racl in an opake bottle, and wOl readily fiiniiBb, by a 
tingle waib, at a moinent's notice, the poaitlve paper in qneetion, which ie moat sensi- 
tive when wet. 

210. It seems at first sight natural to refer these curious and complex changes to 
the instability of the cyanic compounds, and that this opinion is to a certain extent 
correct, is proved by tbe phoiograpinc impresiiions described in Arts. 204 and 209, 
where no iron is added beyond what edits in tbe ferrocyanic salts themselves. 
Neverlbdeas tbe ftaUowing experiments abtnkhmtiy prove that in several of tbe 
changes above described, the immediate action of the solar rays is not exerted on these 
salts, but on the iron contained in the ferruginous solnfion nrlded to them, which it 
deoxidizes or otherwise alters, thereby presenting' it to tiie terrocyanic salts in <!uch a 
form as to precipitate the acids in combination with the peroxide or protoxide ol iron, 
as die ease may be. To make this evident, all that is neossaaiy is lo Ihrw onl 
Uie /emqfanaie in the preparation of tbe paper, wldcb thns becomes rednced to a 
simple washing over with the animonio-citric solution. P&per so washed is of a bright 
j'ellow colour, and is apparently littip, but in reality highly sensitive to photogra- 
phic action Exposed to strong sunshine tor some time indeed, its bright yellow tint is 
dulled into an uuluoy hue, or even to gray, but the change altogether amounts to a 
moderate per oentagc of the total light reflected, and in short ezposores is sncb as 
would easily eseape notice, l^^vertbeiess, if a slip of this pi^ be bdd for only four 
or five seconds in the sun (tbe effect of which is quite imperoqttible to the eye), and 
when with(h-awn into tlie sh;tf!o hp washed over with the ferrosesqnicyanate of potash, 
a considerable deposit of Prussian ftliic takes place on the part sunned, and none 
whatever on the rest, su that ou wabhiag the whole with water, a pretty strong blue 
impresrion is left, demonstrating the redaction of iron in that portUm of tbe pi^r to 
tbe state of protoxide. Tbe efiSect In qnestion is not, it should be observed, peculiar 
to the ammonio-citrate of iron. The ammonio- and potasSO-tartrate fully possess, 
and the perchloride exactbi nrntralized partakes of the same property : but the expe- 
riment is far more neatly iiiaiie and succeeds better with the otiier salts. 

211. If a long strip ot paper, prepared as in the kst article, be marked utt into 
compartments and subjected to graduated exposure to snnshine, so that tbe times of 
exposure in each sneesssion shall form an arithmetical progression of I", Ac., 
and when withdrawn washed over as aforesaid with the ferrosesquitgninuret and 
rinsed in water, the blue deposit is found to increase with the time of exposure up to 
a very deep and full colour, after which its total intensity, so far fi om increasing, di- 
minishes, and at length almost vanishes. Again, if a blip of the same paper be ex- 
posed a long while to the spectrum, tbe whole impression consists in a feeble ocbrey- 
brown streak, extending over the region of tbe blue, violet and lavender rays as fiur as 
about -I- 65. But on tbe application of tbe cyanic solution (hi tbe shade) a most in- 
ten«<^ blue spectrum is developed over tbe whole of the more refrangible region, 
in tbe interior of which tbe blue colour appears to have been, as it were, catea away. 
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leaving s white oval, as in the spednieii annexed ; precisely the mne phenomenoo, in 
short, MWimld have been produced nnder the spectram had the two liquids aeted in 

conjunction. And this white portion comports itself under the influence of water or 
air, just as it would have done hn<l it been produced under such juint uction; i. e. it 
gradually turns blue till it is no longer distinguishable from the rest uf the spectrum. 
It is also blued by ammonia, just as the positive paper of Art. 210, alter bleaching, 
would be, &c. In short, it is evident that we have succeeded in separating the iinal 
action deseribcd in that arUcle into two distinct steps or stages, the pbotographie in- 
fluent e bein^ confined to the first, and the ferrosesquicyanate acting as a mere pre- 
cipitant on the nn<<cent compounds resulting from that influence. 

212. In order to ascertain whether any portion of the iron in the double ammo- 
niacal salt employed had really undergone deoxidation, and become reduced to the 
state of protonde as supposed, I had recourse to a solution of gold, exactly neu- 
tralised by carbonate of soda. The proto<4aits of iron, as is wdl known to chemists, 
precipitate gold in the metallic state. The effect proved exceedingly striking, issuing 
in a prof e'is nowise inferior in the almost raag-ical beauty of its effect to the ealotype 
proce.ss of Mr. Talbot, which in bome respects it neat ly re^^ciiibles, with this advan- 
tage, as a matter of experimental exhibition, that the disclosure of the dormant images 
does not require to be pecfonned in the daric, bdng not inlerfeml willi fay moderate 
daylight. As the experiment will probably be repeated by others, I shall here describe 
it ab initio. Paper is to be washed with a moderately concentrated solution of am- 
monio-citratc of iron, and dried. The strength of the solution should be such as to 
dry into a good yellow colour, not at all brown. In this state it iti ready to receive 
a photographic image, which may be impressed on it either from nature in the camera- 
obscurs, or from an engraviof on a frame in sunshine. The image so impressed, 
however, is very fiunt, and sometimes hardly perceptible. The moment it is removed 
from the frame or camera, it must be washed over with a neutral solution of gold of 
such strcnc:th as to have about the colour of sherry wine. Instantly the picture ap- 
peari(, not indeed at once of tt.s full intensity, but darkening with great rapidity up 
to a certain point, depending on the strength of the solutions used, &c. At this point 
nothing can surpass the sharpness and perfection of detail of the resulting |4ioto* 
gnfrfi. To arrest this process and to fix the picture (so &r at least as the further 
agency of liglif is concerned), it is to be thrown into water very slightly acidulated 
with stilphuric acid aud well soaked, dried, washed with bydrobromate of potash, 
rinsed, and dried again. 

213. Such is the outline of a process to which I propose applying the name of 
CKry«o%ppe, in order to recal by similarity of stmcturs and tennlnatioii the GslnejgM 
process of Mr. Taimt, to which in its general effect it aflbrds ao doas a paralleL 
Being: very recent, I have not yet (June 10, 1812) obtained a complete command 
over all its details, but the termination of t!ie Scisiou of tlie Society being close at 
hand, I have not thought it advisable to suppress its mention. In point of direct 
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sensibility, the Cbrysotype paper is certainly inferior to the Calotype ; but it is one 
of the most remarkable pccnKaridaa of gold as a photographic ingredient, tbal es- 
trmtfy/eeble nnfreaumu once made Ughi, g& m e^krwarda darketrntg spoataneougfy, 

and very tiemhi, apparenthf wUkoai Smiif aobmg as the hast vestige of unreduced chlo- 
ride of oT'iffl remains in the paper*. To illustrate this curious and (so far as applica- 
tions go) highly important property, I shall mention (incidentally) the results of some 
experiments made during the late fine weather, on the habitudes of gold in presence 
ofosaBeadd. It is vdlkmnm to ebemiits that this add heated inth aohiliow^ 
gold predpHates the metal in its metallic etafee ; it ia upon thia property that BBaaiuus 
hasfinuided bb determination of the atomic weight of gold. Light, as mil as heat, 
also operates this precipitation ; but to render it effcctnal, several conditions are neces- 
sary: — 1st, the solutidii of 2:old must be neutral, or at most wery slightly acid ; 2nd, 
the oxalic acid roust bu added in the form of a neutral oxalate ; and 3rdly, it must 
he present in a oertnn cimaidenble qnanlity, which quantity most be greater, the 
greater the amount of iiree add present in the ddoride. Under thoe ooDditioms, the 
gold ia precipitated by light as a black powder if the liquid be in any bulk, and If merely 
washed over paper a stain is produced, which, however feeble at fii-^t, nndera certain 
dosage of the chloride, oxalate, and free acid, goe» on increasing i r om day to day and 
from week to week, when laid by la the dark, and especially in a damp atmosphere, till 
it acquires almost the blackness of ink { the unsunned portioa of the paper rendniog 
unafliBCted, or so slightly as to render it almost certain that what little action of the 
kind exists is due to the eHbefof casual dispefsed light incident in the preparation 
of the paper. I have before me a specimen of paper so treated, in which the effect of 
thirty seconds exposure to sunshine was quite invisible at first, and which is now of 
so intense a purple as may well be called black, whiie the unsunned portion has ac- 
quired eomparati vdy but a vety alight brown. And (which is not a little remarkable, 
and indicates that In the lime of exposure mentioned the masimim of eAct was 
attained) other portions of the same paper exposed in graduated progression for 
longer times, viz. 1*, 2 ", and 3"", are not in the least perceptible degree darker than 
the portion on which the light had acted during thirty seconds only. 

214. The very remarkable phenomenoa described iu Art. 208. of a second darken- 
ing, diflferent in character and cdour, coming on after the bleaching effect of solar 
light has been fidJy completed, is not edthont a parallel among the aigentlne com^- 
pounds. I reftr to the action of the bydriodic salts on argentine papers completely 
blarkened by exposure to snnshine, an action imperfectly described in § 5. of my 
former paper (Art. 94 et vfy.), and signalized as to one of its most striking; |te( uH- 
arities in Note 2, Art. 129. of that communication. To study the pbcnotuena ut this 
action in tbdr simplest form, a paper prepared without iodine, and of a positive 

* Sabeequent exparimenU have convinced me that thia propcrt}r cannot be taken advantage of to increaM 
tt« iateaii^rf the cfaytalype iapwwtoi. towwr aiybe >TMhble ia adwr pwwMH. Note idM daring 
tfae|niBtiB9.J.P.W.li. 
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character is required. The simplest and most convenient is that prepared by Mr. 
HiniT with one wash of mariate of amnuMiia, two of nitrate of siiTor*, ud coqwSDR 
to ttmsbliie. With toch paper (obBgingly fsrnialied me Mr. Hunt himedf) I 

made the following experimenn. 

215. Exposed to the spcctrnin and washed with a solution of hydriodate of potash 
too wpalv fully to excite it-^, two contrary actions were protluced by the rays above 
and beiow the zero point or mean yellow. By the former the paper began to be 
MeaclMd at a point ^fotant + 2BrB parti from the aero, from wfaieh point tlw Ueaeh- 
if^ extended gradnally npwards to a considerable distance, and downwards to the 
circnmference of a semicircle, having tint point for a centre. By tlie bktler the paper 
was darkened (at least In comparison with its j^eneral surface, which, purposely sub- 
jected to dispersed light, had be^un to lose tiuich of its original intense blackness), 
the darkness spreading also upwards and downwards : upwards till it passed the zero 
point, and nearly or quite attained the semicircle above mentioned ; and downwards 
to abont — 19, or — 90 parts. As the paper dried the action seemed to Iw suspended. 
It became therefore necess^ary to renew the bydriodic wash, and thereby to increase 
the actual quantity of that salt present on the paper. Roth actions grew more in- 
tense, bot the bleaching etfect most so. A perfect semicircle and long cometic train, 
c, df fig. 12, No. 1, was produced, within which space the blackness of the paper was 
totally destroyed, and replaced by white or nxlber very pale yellow. Tlie bydriodic 
washes being agdn and again renewed, the ^hrkness at first produced in tlie lower 
part of the spectrum began to ^ve way, and was slowly replaced by a TSry fteble 
bleaching, which at length extended very far indeetl below tlie extreme red rays, 
and upwards to join the semicircle C tig. 12, No. 2, which had by this time assumed an 
ontline perfectly sharp and well-defined, having its centre on the original point 4- 
of its commencement. But uUMn this semicircle and its train, remarkable changes 
were observed to be all the while in progress. First, a somewhat dark, and greyish 
or brownish, perfectly circular and well-defined solar image aroee,itS diameter being 
somewhat less than that of the semicircular terminations, sn as to leave a clear and 
disfhirf white border all around it, as repiesented by the dotted line in fig. 12, No. 2. 
Shortly after the complete formation of this spot, i. e. ailer its circular outline could 
he distinctly traced all nmnd, it began to estend itsdf upwanb into an oval or tidied 
form, but preserving its chvnhtr shape bekmrand maintainUig the white border invfo- 
late, amuming at the same time a brownish yellow colour which gradually deepmed, 
but never became intense. At the same time a very remarkable change was 
observed to take place in the reflective (or absorbent) powers of the paper in this re- 
gion. The violet-coloured end of the spectrum, which hitherto bad been distinctly 
seen as usual oocnpying the space from + SO to + 40*6, became quite indlsoero- 
ible, while on the otiier hand the blue rays a^loining became reflected with such co- 

* Mvute«f uwioahliRtf 0tdnt»«it«rftarMnn*; vibKleof ahviiz^giui, witeflBBowiDi. 
t loduwt of pot M wi w tBrty gaim, iwter om wmee. 
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pioiMiien SB to ternunate the spectrum by a well-defined lemidrele e, ig. 12, No. 3, 
and to give to the whole portion c e the i^pearance of a brilliant and purely blue 
spot. Finally, after long-continued action, the interior browned oval above-men- 
tioned was found to have been prolonged into a figure of the form No. 4, fig. 12 (di- 
stinctly seen at the back of the paper), of which the termination by a narrow neck 
and circular enlargement indicates the definite action of a ray much further removed 
along the axia of the epectram. ]IVaBhing with water at once oblitecates tbie part of 
the phenomenon, destroys the brown colour, and leaves simply the bleached cometic 
train, in dngnlarly striking contrast with the dark ground of the paper. Specimens 
of the speetmm itself are subjoined for inspection. 

216. The. black positive paper used in tlie above exi^riment (which has been often 
repeated with the same results) contains free nitrate of silver. If this be washed out, 
the ^iliening at the lower end of the qiectrum is not produced, but m its phice the 
feeble subsequent bleaching in the rqfion above-mentioned commences at once. And 
if besides washing widi mere water, the paper l)e snbscqnently washed with a neutral 
hyposulphite to remove all chloride of silv er, it is redii' ' d to a state of perfect insen- 
sibility. It is therefore to this latter eletneiit that the direct action of the blejiching 
rays is to be referred. A few months' keeping also destroys the positive sensibility 
of the paper in question entirely. 

J. F. W. UBRSCUSIfc 

ColHngtvood, 
June 13, 184d. 



Postscript added Juguet 29, 1842. 

217. I gladly avail myself of the permission accorded by the President and Council 
to append to this communication, in the form of a Postscript, some additional fiacts 
illustrative of the singular properties of iron as a photographic ingredient, which have 
been partially developed in the latter articles of it, as well as an account of some 
highly interesting photographic processes dependent on those properties, which the 
superb weather we have lately enjoyed has enabled m^to discover, as also to describe 
a better method of fixing the picture, in the process to which I have given the name 
of Chrj/sotype that described in Art. 212. proving insufficient. The new method (in 
which the hydriodate is substituted for the hydrobromate of potash) proves perfectly 
cfibctual ; pictures fixed by it not having suffered in the smallest degree, either from 
long exposure to sunshine, or from keeping ; alone, or in contact with other papers. 
It is as follows : — As soon as the picture is satisfiictorily brought out by the auriferous 
liquid (Art. 212.) it is to be rinsed in spring water, which must be three times re- 
newed, letting it remain in the third water five or ten minute'; !t is then to he 
blotted off and dried, after which it is to be ^vasbed on both sides with a somewhat 

MDCCCXUI. 2 B 
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weak ulntion of hydriodate of potuh. If there be any free chloride of gold present 
in the pom of the paper, it wilt he discoloured, the Ughti paasing to a ruddy bruwn ; 
but they speedily whiten again spontaneously, or at all events, on tlnoivin^' it Oifttr 
lying a minute or two) into fcesh water, in which, being aguin rinsed iuid dried, it is 
now perfectly 6xed. 

218. If paper prepared as above recommended for the cbrysotype, eithw with |he 
aninx»nio>cit»te or ammonio-tartrate of iron, and impressed, as in that prooess» with 
a latent picture, be washed with nitrate of silver instead of a solution of gold, a very 
sharp and beantifttl picture is developed, of g^reat intensity. Its disclosure is not in- 
stantancons ; a few moments elapse without apparent elfect ; the dark shades are then 
first touched in, and by degrees the details appear, but much more slowly than in the 
case of gold. In two or three minutes, however, the maximum of distinctness will 
not Ihil to be attained. The picture may be fixed by the hyposulphite of 8oda» which 
alone, I believe, can be fully depended on for fixing argentine photographs. 

219. Cyanotifpe. — If a nomenclature of this kind be admitted (and it has some re- 
commendations), the wliolc class of processes in which cyanogen in its combinations 
with iron pcrturms a leading part, and in which ttie resulting pictures are blue, may 
be designatnl by this epithet. The varieties of cyanotype processes seem to be iosu- 
merable, but that which I shall now describe deserves particnlar notioei, not only fat 
its pre-eminmt beauty while in progress, but as illustrating the peculiar power of the 
ammoniucal and other persalts of iron above mentioned to receive a latent picture, 
susceptible of development !)y a great variety of stiniiili. This procc<»s consists in 
simply paissing over the auiuiuuio-citraled puper on which buch u latent picture has 
been impressed, very sparingly and evm^, a wash of the solution of the common 
ydlow ferrocyanaie (prusriale) of potash*. The latent picture, if not so &int as to 
be quite invisible (and for this purpose it should not be so), is negadve. As soon as 
the liquid is applied, which cannot be in too thin a film, the negative picture vanMies, 
and by very slow dejrrccs is replaced by a positive one of a violet-blue colour on a 
greenish yellow ground, wiilch at a certain moment possesses a high degree of sharp- 
ness and singular beauty and delicacy of tint. If at this instant it be thrown into 
water, it passes immediately to Prosman blue, losing at the same time, however, much 
of its sharpness, and sometimea indeed becoming quite blotty and confbsed. But if 
this be delayed, the picture, after attaining a certain maximum of distinctness, grows 
lapidly confused, especially if the quantity of liquid applied be more than the paper 

* Volgariy, tnd ia mjr Ofnuiaii Toy anveiueally uid vumeOf w odkd. mmiSaig to fhe tnia btatt and 

nicaninp of Sriir.Kn:. Trivuil mime? for commuii oliji-ct' iirc t<i be maintftincd ami ckfcndcd f>n ])rincl[jk-s fur 
more general thm. systematic nomenclature. For IIub reason I trust never to see the name muriatic give vay 
to bfdfDddorie. or i^rie dmut arite fcr taotic «eid. The pnatte add b thait aeid, wlwttvcr it be.«Uch. united 
-wiA aside of iron u a baac^ focm JVumAw Mm, frum whirh remarkable compound the nhoAe history of cya- 
nogen originated. The now aioertuned dJateofie of anotlier fenooyaoatie makei tfati ncumace to a trifial 
name for the vulgar one oiore nec ewar y. 
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oan cadly and completely absorb, or if the bmsh in appiying it be allowed to reik on, 
or be paawd twice over any part. The eflbet then becomes that of a coane and iU» 
printed wood-cut, all the strong shades being run together, and a total absenoe pre> 

vailing of half lights. 

220. To prevent this loiirusioa, gum-arabic may i>e added to the prussiated solu- 
tion, by which it is hiiidereil from spreading unmant^eably within the pores of the 
paper, and the precipitated Pnnslan Una alloired Hme to agglomerate and fix itsdf 
on the fibres. By the use of thia ii^fredient also, a mwsh thinner and more eqnable 
film may be spread over the snr&ce ; and when pa^^eUg dry, if not sufficiently deve- 
loped, the application may be repeated. By operating thus I have occasionally 
(thoiigli rarely) succcfded in producirif^ pictures of great beauty and richness of 
effect, which they retain (if nut thrown into water) between the leaves of a portfolio, 
and have even a certain degree of fixity«-ftding in a strong light and recovering 
tbdr tone in the dark. The manipnlatioiis of this process are, however, delical^ and 
complete success is comparatively rare. 

221. If sulphocyanate of potash be adtifd tn the ammonio-citrate or ammonio- 
tartrate of iron, the peculiar red colonr whu h tliat test induces on persalts of the 
metal is not produced, but appears at once on udding a drop or two of dilute sulphuric 
or nitric acid. This circumstance, joined to the perfect neutrality of these salts, 
and th«r power, in snch neutral solution, of enduring, nndeoomposed^ a bmfing heat, 
contrary to the usual habitudes of the peroxide of iron*, tcgelher with their singular 
transformation by the action of light to proto-salts, in apparent opposition to a very 
Rtiung alfinity, has, I confess, inclined me to specnlate on the possibility of their ferru- 
ginous base existing in them, not in the ordinary form of peroxide, but in one itiumeric 
with it. The non-formation of Prassian blue, when their solutions are mixed with 
prussiale of potadi (Art 809.), and the formation in its place of a deep violet-cdonred 
liquid of singular instability under the action of light, seems to favour this idea. Nor 
is it altOitrcrtuM- impossible that the peculiar "prepared" .state snperfirially assumed 
by iron under the influence of nitric acid, tirst noticed by Keiu, and since made the 
subject of experiment by M. Schonbein and myself-j', may depend on a change super- 
ftohdly operated on the m tisejf into a new metallic body isomeric with iron, wwx- 
idable by nitric acid, and which may be considered as die radical of that pcnndde 
which exists in the salts in question, and possibly also of an isomeric protoxide. A 
combination of the common protoxide with the isomeric peroxide, rather than with 
the same metal in a simply higher stage of oxidation, would afford a not unplausible 
notion of the chemical nature of that peculiar intermediate oxide to which the name 
of " P«TOSO>lerric" has been given by Bcacauvs. If (to render my meaning more 
clear) we for a moment consent to designate such an isomeric form of iron by the 
name siderium, tlie oude in question might be r^rded as a dderiate <^ iron. Both 

* Sec my paper on this rohjcct in I'hilosophied TtaDMetioiWi ciL p. 89S. 
t Sec Aniwks de Qunit, torn. Ut. p. 87. 
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pbosphoruii and arsenic (bodies remarkable for sesqui-coiubinatious) adiuit isomeric 
forms in their oxides and aelds*. But to return from this digression. 
322. If to a mixtnre of ammonio-dtrate of iron and sulpboqranate of potash a small 

dose of nitric acid be added, the resulting red liquid spread on paper spontaneously 
whitens in tbe dark. If more acid be added till the point is attained when the dis- 
coloration bcgrins to relax, and I he paper when dry retains a considerable degree of 
coloui', it is powerfully affected by liglit. aud receives a positive picture with great 
rapidity, which, like the gaaiacum impression noticed in Art. 154, appears at the 
back of the paper vith even more dittinctuess than on its foce. The impresriou, 
however, is pallid ; fades on keeiNUg, nor am I acquainted at present with any mode 
of fixing it. 

223. If paper be washed with a mixture of the sututions of ainmonto citrate of iroa 
and ferro&e!«quicyanate of potash, so ah lu contain the two salts in about equal pro- 
portions, and being then impressed unth a picture, be thrown into water and diied^ a 
native blue picture will be (troduced agreeably to what is stated in Art. 154. Tbu 
picture I have found to be susceptible of a very curious transformation, preceded by 
total obliteration. To effect this it must be washed with solution of proto-nitrate of 
mercury, which in a little time entirely discharges it. The nitrate being thoroughly 
washed out and the picture dried, a sinooiti iron is to be passed over it, souiewbat 
hotter than is used for ironing linen, but not sufficiently so to scoreh or injure the 
paper. The obliterated pictore immediately reappears, not bine, but brown. If kept 
for some weeks in this state !)ctween the leaves of a portfolio, in complete darkness, 
it fades, and at length almost entirely disappeai"?!. lint what is very singular, a fresh 
appliL<ation of the heat revives and restores it to it s full intensity. 

224. This curious transformation is instructive ia uuother way. It is not operated 
by light, at least not by light atone. eerteoH temperaiwre must be attained, and 
that temperature suffices in total darkness. Nevertheless, I find that on exposing to 
a very concentrated spectram (collected by a lens of short focus) a slip of paper duly 
prepared as above (that is to say, by washing' with the mixed solutions, exposure to 
sunshine, washing, and discharging the uniform blue colour so induced as in the last 
article), its whiteness is changed to brown over the whole region of the red and 
orange rays, but not bnfond the luminous spectrum. Three condonons seem un- 
avoidable j—lst, that it is the heat of these rays, not their light, which' operates the 
ohange ; 2ndly, that this heat possesses a peculiar chemical quality which is not 
]>n«sessed by the purely calorific rays outside of the visible f:pectnim thoiin^h far more 
intense; and, 3rdly, that tbe beat radiated from obscurely hot iron, abounds espe- 
cially in rays analogous to those of the region of the spectrum above indicated. And 
there are the very same conclusions derived from the experiments on gumacum in 
Art 158—160. 

* The Ifttter from tbe lute «3cp«niiiieiitt iiid Kmark* of Rou on the ^ritraoat rtate of (be onenioiM leid end 
tie Imiiiioiity in ciTitdliaiiig from add lolatiiiiig. 
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226. Whatever be the state of the iron in tbe double salts in question, its reduc- 
tion by blae light to tbe stAte of protoxide ia indicated by many other reagents. If, 
for «tample,a slip of paper, prepained with the ammonio^trate and partially sunned, 
be washed, when withdrawn, with bichromate of potash, the bichromate is deoxidized 
and precipitated on the sunned portion, just as it wonM bt- if diiK tly exposed to the 
sun's rays. Every reagent in sliort which is susceptible of lieing deoxidated, wholly or 
in part, by contact with tbe protoxide of iron, is so also by contact with the sunned 
paper. Taking advantage of this property, I have been enabled to add another and 
very powerful element to the list of photographic ingredients. 

226. PhoU^ff^^C Properties of Mercury. — This element is mercury. As an agent 
in the Daguerreotype process, it is not, strictly speaking, photographically affected. It 
operates there only in virtue of its readiness to amalj^ainmtc with silver, properly pre- 
pared to receive it. That it possessed direct phutugrapiiic susceptibility, however, in 
a very eminent degree, is proved by the following experiment. Let a paper be washed 
over with a weak solution of periodide of iron, and when dry with a solution of proto 
nitrate of mercury. A bright yellow paper is produced, which (if the right stretigtU 
of the licjuids be hit) is exceedingly sensitive while n et, darl<ening to a brown colour in 
a very few seconds in the sunshine. Withdrawn, the impression fades rapidly, and the 
paper in a few hours recovers its original colour. In operating thiti change of colour 
the whole spectrnm is efiective, with the exception of the thermic rays b^ond the 
red. 

227. Prolo-nitrate of merenry simply washed over paper is slowly and feebly black- 
ened by exposure to snnshine. And if paper be impregnated with the amnionio-ei- 
tratc, already so often mentioned, partially sunned, and then washed witli tlie jyroto- 
nitrate, a reduction of the latter salt, and consequently blackening of the paper takes 
place very slowly in the dark over the sunned portion, to nearly the same amount as 
ui the direct action of the light on the simply nitrated paper. 

338. But if tbe mercorial salt be subjected to the action of light in contact with 
the ammonio-citrate, or tartrate, the effect is far more powerful. Considering, at pre- 
sent, only the citric double-salt, a paper prepared by washing first with that suit and 
then with tbe mercurial proto-nitrute (drying between) is endowed with considerable 
sennlnlity, and darkens to a yery deep brown, nay to complete bbckness, on a mo- 
derate expoenre to good son. Very sharp and intense photographs of a negative eha^ 
racter may be thus taken. They arc hoM t ver difficult to fix. The only method 
which I have found at all to succeed, has been by washing them with bichromate of 
j)otash and soaking them for twenty-four hours in water, which dissolves out the 
chromate of mercury for the most part, leaving however a yellow tint on the ground, 
which resists obstinately. But though pretty effectually fixed in this way against 
Ughi^ they are not so agiunst #iW, as they fade considerably on keeping. 

329. Wlien the proto-nitrate of mercury is mixed, in solution, with either of the 
amnMHiiacal doable salts, it forms a precipitate, which, worked up with a brash to tbe 
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consistency of cream, is easily (and with certain precautions of manipulation*) very 
evenly spread on paper, producing photographic tablets of every variety of seniibility 
and inertnett, aoeocding to the proportion of the dows med. By combining all time 

of the ingredients, and adding a small quantity of tartaric acid-f-,a paper is produced 
of a pretty high degree of sensibility (more than by the nse of either sppurately), 
which in about half an hour or an hour, according to the sun, affords pictures of sucli 
force and depth of colour^ such velvety richness of material, and such perfection of 
detail and preserTation of the relative intenntiea of the light, as inflnitdj to rarpaa 
any photographic production I ItaTc yet seen, and which indeed it seems impossibk 
to go beyond. Most unfortunately, they cannot be preserved. Every attempt to fix 
them has resulted in the destruction of their beauty and force; and even when kept 
fmm light, they fade with more or less rapidity, some dt^ppearing alutost entirely in 
three or tuur days, while others have resisted tolerably well for a fortnight, or even a 
month. It is to an overMlose of tartaric add that their more rapid deterioration 
seems to be doe, and of coarse it important to Iceep down the proportion of this 
ingredient as low as possible. But without it I have never succeeded in producing 
that peculiar velvety aspect on which the charm of the^e pictures chiefly depends^ 
nor anythinfjf like the same intensity of colour without over-sunning. 

230. 1 might here describe many other curious and interesting photographic results 
to which, under the genial Influence of such a summer as, possibly, has never bef(R« 
been witnessed in England, I have been conducted. But in so doing I should surpass 
the reasMiable bounds of a Postscript illustrative of my text, and al)iis(- the privilege 
accorded me. Yet I cannot forbear noticing- one at least, iu which a line or dot 
engraving of any degree of delicacy is imitated, line for line, and dot for dot in a 
manner which might deceive any but a practised artist to the point of renuet ing imn 
unable to declare that the photograph had not been struck offlbom the original plate 
with common printing ink, by the orduiAry process of copper-plate printing. The 
details of this process, which are delicate and somewhat tedious, cannot properly be 
stated here; if for no other reason, hccausc I have not yet obtained a complete com- 
mand over the result : but a microscopic examination of the specimens placed in the 
hands of our worthy Seci-ctary, though somewhat marred by the accideais of maoi- 
pulation, will I think sulBce to justify the terms employed above. 

* The attm ahonld be sprad m rapidly as possible mar the whole paper, well worked in. deued off as 
jnueh as poaaibV, and tiuishcd with a brush nearly dry, apmd out hraad and pressed to a strait thin edge, 
which must he drawn nn li^'litly imd eraily «» poHibte otcr cmjiwtt ofdie ]qper till the aoifim oppamfm 
from every streak, and bareiy moist. 

t One nemue of m eololioa of ■nmomo-dtnte, and one «f e MfatibB of amnnud-tiertMte of inra, oontiiB' 
iiiir, carli, oni'-trnth of it? weight of tlu'- rcsprrtivc Riilts. Tnrl<irlL> acid, saturated solution, one-uiglith uf the 
joinl volumes uf tlie other solutions. Form a cream by pouring In a« rapidly as posaible one measure of a satu- 
letod aalatiaB of die jwoto-idtnte and wdl oiiziiig with a bmh. 
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XI 1 1, On the Organic Ttsmes in the Bony Structure of the CoralliJw. 
Bff J. & BowBBBAMK^ E«q^ F,G^. Commttnicoted by Thokas Bbix» Esq^ FJLS, 

Receiml Apiil lS.^-Read April 81, 1848. 

The polyps of the numerous specit-s of the Coralliche have been known and described 
many years, but I am not aware that their connection witli each other has been traced 
tbrougb the solid masses of their calcareous skeletons, or that the nature and struc- 
tare of the animal tiemes of these parts have, to the present period, been figured or de» 
scribed by any author. Eixis, in bis History of Cbrallines, published in the year 1766, 
has described the mode he adopted in the examination of the calcareous axes of some 
of the fsubjecf" of lirs observations, and has mentioned in several places in his work, 
that he had subjected them to the action of vinegar, but tie does not iu any instance 
minatcly describe the results obtained by this application, nor docs he describe any 
orgai^c tissues or results, fiirther than that be thus obtained the anioial substaneeof 
the skeleton, freed bom tiie calcareous matter previously combined with it That 
BO accurate, acute and industrious an observer, should not have seen and described 
more of the minute organic tissues wliich arr now with our improved means readily 
to be distinguished in the ttibc of aniiuuls tliat formed the objects of bis investiga- 
tions, is only to be accounted for by the want of instruments competent to observe 
tissues of such extreme delicacy. 

My attention has been drawn to this subject from having ascertained, in one of 
the sponges of commerce, and in several s|>ecie8 of sponges from Australia, the 
existence of a very mlttntr and beautifully ramified vascular tissue mul in soine 
cases of the occurrence of molecules of extreme minuteness within those vessels 
which appeared to me to be analogous to those of the circulation in the higher tribes 
of antroils. These focts I bad the honour of laying before the Microsoopical Society 
of London, on the 87tb oi JTanuary 1641. The occurrence of such tissues in the 
borny skeletons of animals m low in the orgamc scale as the Spongiadm, naturally 
suggt'stf^fi idcn of tlie probrtl ility of the occurrence of similar or more fully de- 
veloped tissues in the skeletons of tlie higher tribes of zoophytes ; and I accordingly 
determined to pursue the investigation, with the hope of adding, in some slight 
degree, to onr knowledge of the organic structure of the bony portions of the Coral- 
lidse, and also of throwing, if pottible, farther light upon the still cMitested place in 
the scale of created beings of the sponge tribe. With this view, I submitted small 
portions of nearly seventy species of honv corals to the action of dilute muriatic acid, 
and from thirty-five of these I have succeeded in obtaining the animal tissues in a 
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sufficiently perfect state to allow of a full and satisfiietory vitw <^ their strnctare, 

and in many instances, the results of tliesQ examinations have been singularly inter- 
esting. I will not detail in succession the whole of these researches, but select from 
them snch only as afford the best specimens of the tissues I am about to dfsrrihc 
The mode 1 have adopted in the exauiiuatiou of these specimens has been, to separate 
small pieces, about the quarter of an inch in diameterj from as nearly the termination 
of the branches or other extremities of the coral as posrible, as bdo^ the most likely 
to have the animal tissues in their most perfect and efficient stales, and to immerse 
these pieces in a solution of the cotnmon muriatic acid of commerce, in twelve or 
fifteen times its bulk of water. After the effervescenrc has ceased, the animal matter 
is usually found floating upon the surface of the fluid, ui the form of an exceedingly 
delicate floocolent mass. This may then be removed, with as Uttle alteration of form 
as possible, into some clean water in a watch-glass ; a small portion, about the one- 
tenth of an inch in diameter, should be taken from the mass with a fine pair of 
scisfiors, and placed iti a drop of water npmi a slip of glass, covered with a pieue of 
very thin irlas*; or mica. 

Upon treating in this uianner some .small pieces of MUlepora alcicomis, I obtained 
the animal matter in an exceedingly favourable state for examination. When tbia 
was viewed by transmitted light vntb a power of 200 linear, the mass appeared 
to be composed of thin glutinous animal mend;i ants, which frequently assumed a 
sacculated appearance, probably caused by their having been moulded into this shape 
by the polyp cells of tlie coral. Amid this tissue there was dispersed a complex re- 
ticulated vascular tissue, floating freely between the layers of membrane, and divi- 
ding and anastomosing without any appearance of regularity. The largest of these 
vessels averaged t^sv of an inch in diameter, the smallor ramifications being about 
half that sise. Those of the greatest diameter were by no means regularly cylin- 
drical, but threw off at short intervals nnmcrons short ca-ci*! !i[!pprulages, varying- 
in length from iiu rely tubercular projections to eight or ten time.s their diameters, 
and terminating heinispherically without any previous diminution of size. From 
these causes, the ends of such vessels frequently assume the mmified appearance of 
a Deet^s horn (Plate XVI. fig. I) ; other branches, instead of ending in this manner, 
continue dividii^ and subdividing until they also terminate in exceedingly minute 
ramifications, many of which do not exceed ao^^^q of an inch in diameter. 

If we follow tliepc vessels towards their larg^er extremities, we observe that thev 
become more regularly cylindrical than that portion of them represented by figure 1, 
and at last they terminate in large cylindrical vessels of about ^AnF ^ ^ uick in 
diameter. 

The smaller vessels usually enter the larger one by pairs, and a considerable in- 
crease (if the diatncter of tlic latter takes place in tlie immediate vicinity of the join- 
ing vessels, at the mouth of each of which there is .situated a valve or diaphragm, as 
represented at a, a, fig. 2. The great vessel also has u valve at b, fig. 2. The course 
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of these large cyliudrical vessel"? may be traced for a consideraljle distance, aod 
many mmilar junctions of the large and small tissues be observed. They do not 
always join the larger so precisely opposite to each other as in the Instance figured : 
bat in all the cases observed, tbe valves in each of the tissues were present, although 
not always in the same relative position in the large vessel, beii^ sometimes on the 
contrary side of the mouths of the smaller ones to tliat rcprf^entcd in the figure. 
Occasionally, but very rarely, a valve is to be seen in the larger vessels where no 
junction with the smaller ones takes place. 

I have been unable to trace the large vessels to their natural terminations, but it is 
probable that they originate at the bases of the polyp cells, «ttd that the valves with 
which they are furnished, were designed by nature to prevent the retrocession of the 
chyle, elaborated in the digestive organs of the polyps ; and this idea is strengthened 
by circumstances wl»ich I shall hereafter describe. 

The diflference in the structure and characters of the larger and tlie smalJer of these 
vascular tissues would seem to indicate that they have separate and distinct func- 
tions ; in the former we observe them maintmning a uniform diameter throughout a 
long course without once branching or dividing, while the latter immediately de- 
creases in size, dividing and subdividing until tlicy terminate in vessels of extreme 
minuteness. The valvular structure is abo a character peculiarly distinctive of the 
larger system ; as there is not tbe slightest indication of such organs in the smaller 
vessds throughout the whole of their course, subsequent to their junction with tbe 
larger tissue. Several other corals that I examined exhibited this valvular tissue 
with very little variation in its character from that of Millejfora alciconiis, but in one 
specimen {Cellepnra pumkosa) it differs in so great a degree as to render a description 
of it necessary, instead of being of an uniform character, and pursuing an unbroken 
course for a considerable length, as in JUiUeptun aldeomi^f it varied continually in 
its sise, contracting in some parts to half or a third of the diameter that it <»chibited 
at others, and especially so at the parts where tbe valves are situated, as represented 
at a, b, and c, fig. 3. Sometimes, as at the point a, fig. 4, it is terminated by an abrupt 
runcation and a slight lateral expansion. At each of these parts there is a valve 
and a new branch produced. In some cases, as at </, fig. 3, there is but a single 
branch given oSt with the< usual valves in the branch and main trunk ; and in others, 
as at A, fig. 4, there is the same form of structure observed which is so characteristic 
of this description of vessel in HSUepertt akicomis. The branches given off in all the 
cases figured from the Cellepora were not belonging to the fine complex system of 
vessels, but of the same nature as the parent ones, gi^nng off secondary branches, as 
represented at c, fig. 4, which have tbe valvular structure in every respect like the 
miun vessel. I could not trace the connection between this valvular system of vessels 
and the nunute contorted system with caecoid. projections, although tbe latter was 
present in abundance ; but it may be foirly presumed from the result of theexamin»> 
tion of the MiUqNNra, that such a junction does take place. About the same proper* 

MDCCGXUI. 2 w 



Digitized by Google 



318 MR. J. 8. BOWBRBANK ON TBE ORGANIC TI88DB8 IN TNS 



tiolu are observed between the tin> deecriptiom of ineaeeU aa in Cbe fanner oaie, but 
in the Cellepom both the tinnes are much more mlnnte than thoae in iHitt^pani 

alcicornist the average diameter uf the larger vessel is inch. Upon 

fiubroitting some f[-;i>^nient.<? of Pavonia Boletiformis to the action of dilute acid, and 
examining: the animal matter thus obtained, the same description of membranous 
structure was observed, and a similar fine complex vosculur tissue exhibiting irr^^- 
laifties of the «tmotare, and in other reipeeta ao doidy reKmhIing that observed in 
B^kpora aidoorwk as to render a fiirther deseription of it unnecessary. Hie laifnr 
kind of vessds were also present in alwat the same proportion as in Millepora, but 
they differed from them in some respects, inasmucli n<i towards their enter extre- 
mities they resolved themselves into a much greater iiiuiibfr of branches, all origin- 
ating at nearly the same point, as repreaented at a, lig. £», and frequently clustered 
together in snch a manner as doaely lo resemble tlut ^storied tenlacnia of a dead 
polyp ; bnt I do not lielieve that they are in reality the remains of those organs, Init 
rather of the great ducts that have terminated at tbe bases of the iptUffBi as we find 
in many instances branches given off from their sides, whirh are surmounted by 
elliptical ovoid bodies, as represented in fig. fj, which have much the appearance uf 
being incipient polyps, or gemmulcs which had not been projecteii beyond tbe outer 
surface of lihe GOval. These bodies are (fivided at right angles to thdr axea by two 
orthree diaphragms* and present in other respects a cellnteted appeanmoe. They 
occur in considerable numbers dispersed amid the tissues, and vary in size from 
to of an inch in length. The branches are all of them divided at short 
intervals by diaphragms, so as to assume a cellulated apprai an ,e, the diaphragms 
becoming more distant from each other as they recede trom the upe& of tbe branch ; 
and they are continued to some disbince below the point iriiere the branches are 
given off firom tiie parent vessd^ until at but they cease lo appear, and the tissne 
assumes its usual vaacuiar character. Tbe average diameter of these vessds is 
of an inch. 

Beside the elliptical bodies, there are frequently to be seen large spherical or 
oval brown masses (hg. 7), whose diameter uveruges of an mch. They are 
nearly opake, but when a bright stream of light is transmitted through their sub> 
stance, they are seen to be filled with irregular edlolar structure, or elosdy com> 
pressed granular matter. They appear always to be attached to, or to he [mrtially 
imbedded in, the membrane, and are connected with each other by a beautiful 
uioniliform tissue. When the'ie, vessels tcnninate at the masses, they do not abruptly 
enter its substance, but, divuling into minute ramihcations, are !>pread over and lost 
upon its surfiic^ as at a, fig. 7. In other cases they do not divide In this manner, 
bat, preserving their integrity, they attadt themsdvcs to the surface^ and» passing over 
a third or half of its diameter, detach themselves and resume their oonrse, as repre- 
sented at h, fig. 7. It is difficult to conceive the nature and purposes of these curious 
mais^, but they bear a striking analogy to " the brown bodies " described by my 
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fHend Dr. Ahtbdm Faui, m his paper on the Stniatnra of flie CSUobraohiale Folypi, 
in the FhikMophicBl TtaniaciiocN fiw lfi87> p. 400, where he describee and figaree 
tbem as occurring in the bases of the polyp cells. He conjectures that tbey are 
probahly f^onnected with tlie reproduction of the species. In many parts of the 
rnenibrunous structure of this coral, there appear uumeruu^^ minute acicular doable- 
pointed siliceous spicula^ which do not exceed y^a^ ol au luch in length, and 
ii.\(K, of an inch in diameter. Tb^ are disposed without order, and are not to Im 
fimnd b every pert of the membfane, but only in smaM groups at oomparatiTely 
considerable intervals. Beside these minute spicula, there are others which occur 
sparinirly liispersed amid the tissues, and wliich are of a difterent frriii and of much 
greater dimensions. The average s^ize is cm,- of an inch in lengtb, and -fxh^ in 
diameter, and thej are very much lu lorni and proportions like a common brass 
pin, terminating at one extremity in a point, and at the other in a spherical bead, 
and are well represented by the sfricnJa in fig. 8, which were found imbedded anid 
the tissaee of n spedes of Anthopora which 1 shall presently describe. These larger 
spicula were occasionally «tn!ded with a few tubercles, and in this as in other re-^pfots 
were so precisely similar to the spicula of this description, which are so abundant in 
some species of Halichondria and other genera ot the ISpon^iadee, as to render it 
impoBsiUe to distinguish the one from the other, when sepaittted from tbe respective 
bodies that have produced them. Upon examining the animal matter obtuncd from 
a species of Anthopora, the membranous tissue appeared as abundant a* in the former 
cases, but somewhat denser in stnicture. The smaller tissue of vessels was piesent, 
although very indistinctly to be seen in parts between the membranes. Tht larger 
described vascular tissue was not detected in the portions subjected to exaiaination. 
The principal ftatnres in this ooral are tbe great abundance of large pin-shaped 
siUeeoas spicnh, such as I have described as eaistiiHr sparingly dispersed in the coral 
last referred to, ai^ the occurrence of a profosion of the nuclei of fUmmr Bamm, ov 
cytoblasts of ScuLRinRN. which were dispersed over all parts of the membranous 
structure, as represented m fig". B. In some parts of the tissue they were in greater 
abundance than in othei-s, and especially so when a cluster or fasciculus of vessels 
^ipeared to be seated tieneath them i and from this cause probably they also some- 
times resolve themselves into lines, curved or straight, oonsisling of ei§^t or ten 
cytoblasts In succession. These interestli^ and curious organs were found imbedded 
in the membranous tissues of almost every coral that I subtnirted to examination. 
In tbe Anthopora they were nearly uniform in .size, and about jjVo ^ '"ch 
in diameter, but in ottier specimens they varied greatly in their dimensions. Their 
mode of disposition is also exceedingly various. Smnetimee th^ occur mngly and at 
long intervals s at others, aa in Anthopora, Plate XVI. fig. 8^ in greatabundanee^ and 
with but foint traces of order or arrangesseni ; while in other cases, as in Mtllepora 
alcicomis, they are disposed in circular groups, or in lines composed of a single sent s, 
which branch off and divide in such a manner as strongly to impress upon tbe mind 
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of the observer the idea, that this mode of dispodtion coald have obtatned only ia 
ooDseqaence of their having been originated within the parietes of vascalar tissue 
(Plate XVII. fig. 1). At the same time I must state, tlutt I have examined many such 

branr ltinw scries of these org^ans without being' abU* fn detect nny remains of the snp- 
posfd viiscular tissue, which it is possihie may have been ahsioibcil after havin;^ per- 
formed the office for which it was produced; and this view of their oiig;ia is the more 
probable, as we observe, in many cases, the minute vascular tissue, so ahnndantty 
dispersed amid the whole of the membranous structure, frequently filled either irith 
continuous threads of a glutinous looking matter, or of an abundance of minute de- 
taelicd rnoleenle-i, and in one instance, repre-^pntwl in Plate XVIf. fig. 2, 1 observed a 
series ot molecules, willi a few minute cytoblasts intermixed, continued beyond an 
irregular and indistinct termioation of a vessel, no part of the parietes of which 
oould be detected around any portion of the line of molecules and <^tobtast8. 

Whatever may be the origin of the cytoblasts, it is sufficiently apparent that their 
office is that of the production and renovation <tf the cellular membranous structores 
of the bodies in which they appear. 

Upon examining the animal matter obtainctl from yigaricia ampliata, 1 found them 
developing cellular tissae upon all parts of the membrane, spreading thinly over the 
surfece of the tissue, and, when several of them were situated together, assuming the 
appearance of a rude reticulated epidermal tissue. 

One of the most intercstini; of tlieir modes of developing tissue was seen upon ex- 
amining tlie animal matter obtained from CcUejmrn pumiaisa. The membranous 
tissue is exceedingly thin and even in its htructurc, beautifully diaphanous, iuid 
abounds in large sacculated projections (as represented ia Plate XVII. fig. 3). At the 
termination of each of these we observe a cytoblast, whieh is attached to the surronnd- 
ing membrane by the outer cirele of its disc, from all parts of which it has projected 
the thin filtny tlssin- ]n a backward direction, thus producing the elongated sacculated 
organ upon the snniinit of which it is seated, and causing its ape^c frequently to as- 
sume a truncated or flattened appearance. The sacs may be seen in every degree of 
development from the cytoblast, scarcely elevated above the sorfiioe of the membrane, 
until thqr f^ra projected to the extent of eight or ten times the amount of their owa 
diameter. The projection of tlie sac is usually in the direction of a straight or slightly 
enrved line; occasionally it forms an abrupt elbow; but in all cases the cytoblast 
retains its place at tlie extremity of the organ. Sometimes, hxit very rarely, there 
are two cytoblasts at the apex, which, having operated simultaneously, cause the organ 
to assume an oval iustoid of a t^lindrical form. When the apices of two of these 
sacs meet, as represented at a, Plate XVII. fig. S, they coalesce and appear to form 
a permanent union, but I have not observed that this takes place when they impinge 
upon any other part of the sac. 

As the !saf elon<^tes, we frefpiently find it accompanied by rninnte vessels, which 
usually but not universally, assume a spiral direction, as seen at b, Plate XVil. lig. 3, 



Digitized by Google 



BONT mWCTUIlB OP THB CORALUDiL 



S21 



and in fig. 4. These vends appear to be part of a system of minate vascular tiwae 
pecolUir to these organs, as tlicy diflfer in clnracter from the minate vasouhir tissue 

that we have befoi'e described as prevailing almost aniversally in the animal matter of 
the Cortilliche, being furnished with valves or diaphragms at regular intervals. But 
the !TU)«t sinirnlnr rircninstance is that they nppcar to denionstrate the fact, that cy- 
tobliists arc uut only concerned in the production of the ccilulur structure, but that 
they are also cbe direct originators of the vascular tissue, for in this case we observe 
short branches given off at neaily right anf^ from the minuto vessels, and at the 
apex of of these there is seated a small cytoblast, not exceeding f^xw *>f an 
inc'li in dlamofcr, but verj' consideraljly larger than the branch that supports it, which 
measured hut ,4^1,0 of an inch in diameter. Otiier small cytoblasts are seated 
upon the vessels, as shown in fig. 4, which represents one of the sacs with the ac- 
companying vessels aid c^toblasts, as seen vith a mierosoopic power <rf 800 linear. 
The vessels are not attached to the sacs throughout the whi^e of tbdr course t con- 
sidetahle portions of them are floating freely between tlie organs; and branches front 
these free vessels arc often to be sepn passing,' in a very singular manner half round 
the onter rirrle of the cytoblast at the apex of tlie sac. and, upon quitting it, proceed- 
ing to ujiuther and embracing it in a similar manner : indeed, the apices of by far the 
greater nnmlier of them are thus visited by branches of the vessd. It is difficult to 
imagine the purpose of the connection between them» but it is evident that the two 
organs are connected in their operations, whatever they may be. 

The result of tlie examination of two specimens of Nidlipoia from Australia, which 
appeared to be of the same species, was excepdingly interesting. The cellular struc- 
ture was developed in the most perfect and beautiful manner in both of them. The 
greater number of cells were empty, transparent, and in a slight degree laigei^ at one 
end than at tlie other. At the smaller extremity of each there is most freqnently a 
cytoblast, which is usually as pellocid and transparent as the walls of the cell, but in 
other oases it is full of a brown and indistinctly granulated matter, as represented in 
Plate W'll. fig. .), uliicli exhibits a view of the >:v<h of the cells with the cytoblasts 
in this state, while fig. i> represents u lungitudiual view of the same structure in its 
tiansparent state. In this position the cytoblasts are not at all times to be seen. 

In the second of the specimens examined, there was an abundance of fine mem- 
brane, with a quantity of a glutinous-looking matter adhering in irrq^lar patches to 
its surface, and of the complex vascular tissue with the cjecoid appendages ; thus as- 
similating the general chnrarrer of its structure in a very close degree to that of the 
true Corallidse. Although in many parts of its cellular structure it exhibits an ap- 
pearance very much like that of some succulent vegetables, yet there are others in 
which this similarity does not obtain, and where the cdls are so loosely disposed as to 
preserve nearly a cylindrical form (Plate XVII. fig. 7), and to assume very much the 
appearance of the cells of the fatty tissues in the higher class of animals : while the 
perfect identity of the character of the vascular tissue with that of the true corals, 
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appearance of reticulated stractnreBj strongly impresses the feeling upon the mind 
that this (Ii!«puted genus is in truth animftl and not Tq^bl^ as we have been led to 
believe Tip to the present period. 

An cxuiuination of oar Bnti&li species, JVullipora cakareat assists in the confirma- 
tiion cf tbe animal view of the subject, as in tbis we find the cellular struct ore in a 
much less perfect and regular conditioii than In tbe Anitralian spechneos, while the 
vascular tissue, with ceecoid appendages, and the membrane, are almost identical with 
those of the Australian Nullipora. 

The animal matter olttained from an undest'ribed species of Agarit ia. nearly allied 
to Agaricia ampliata, exhibited a form of tissue that I have not observed ia any other 
coral. The membranous structure and tbe minute vessell with c«ecoid appendages 
pTMented the usual characten, but the latter were not so abundant as in many of the 
specimens I have examined. Tbe remarkable feature is the presence of numerous 
elongated vesicles, which are coated with a fine fibrous tissue regularly disposed in 
diagonal or waved lines across them, as represented in Plate XVII. fig. 8. Some of 
these organs have one or more angles in a longitudinal direction, extending from tbe 
iMWe to the apex of tbe vesicle, while others tukve the appearance of being cylindrical 
saca. They appear to be attached to tbe membrane throughout thdr whole length, 
as neither of their extremities Is projected from the plane of the surrounding tissues. 
But from the different aspect of the two extremities, it is evident that they have tbe». 
origin from the end and not the side of the vesicle, one termination generally being 
ill-defined and appearing to merge in the surrounding membrane, while the opposite 
one is distinctly msiMe. Tim iibnms threads of the vencle do not pass from the one 
to the other, nor do tbqr Appear to originate in the membrane apon which the oigaa 

ff^XMCSi 

These ctirioiis fibro-vesicular bodies resemble, in a striking manner, the fibro-cel- 
lular tissue which forms the parenchyma in tiie leaf of PleurothalUs ran'jnnxa. 

I could not detect a cytoblast at either of their terminations, but a tew of these 
organs were dispersed upon tbe membrane. The vcssda intb oscoid appendages 
frequently passed over (hem, but in no determinate direction, and I could not detect 
any communication existing between them. The average tfse of tbe resides mes^ 
Bured of an inch long, by yoVo "f mch in diameter. 

The results of the examination of the various species of Corallidae which have fur- 
nished the subjects of this paper, are sucb as we might have expected after a careful 
ponsal of the valuable papers of Mr. I^sna and Dr. AaTHua FAaaa, published m 
tbe Philosophical Transactions, 1884 and 1887* In the former, the author has dis> 
played in an admirable manner the circulation of the fluids in the Tubulariee and tbe 
Sertulariffi; while the latter, with an equ-al flegree of talent, has rendered us familiar 
with the musenlar organization and digestivi: [w ricesses of the ciliobrachiate polypi. 
From these researches it is but natural we should iufer that an equal extent of organ- 
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ization exists in the nearly aliteil tube oi the Corallidae, and tliat frum the bases of 
the minute polyps, the chyliferous jiuces Bhoald bediapoied in every directioa through 
the common oibm of tho stony body of tho animal, and tiiat the nsnal procoaes of the 
abwnption and rqnoductioa of parts should take place mthin tiieir oalcanons axes, 

as in the corresponding' parts in the higher tribes of animals. 

The structures whirh I have described are in other respects exceedingly interest- 
ing, as they establish a degree of organic c*annectioQ between the Corallidse and the 
Spongiadse, which had not, I beUev^ bofoie been raspeeted to exiet, and at the mmi 
time have a tendency to confirm the idea of the animal natore of the latter. Whai^ 
ever doubts may have existed at fbrmor periods in the minds of naturalists respecting 
the nature of the stliceoos spicula of the sponj^e tribe, the fact of having foTind thes^; 
curious organs so exactly similar in every n ^jn cf amid the undoubted animal secre- 
tions of the Corallida.', will stamp them ab true uuimul productions. The vascular 
^oe irith c«ecoid appendages has a strildng nsemblanco to tint which I have de> 
scribed in Part I. toL i. <rf the Traamctiona of the Microscopical Society, as found 
upon the fibres of one of the q>ecies of the sponges of commerce ; and in the 0fldiy 
portions of Tethea iyncurium btkI Geodia ZetlatuUca, Lamarck, we find fleshy mem- 
branes, with minute vessels meandering through their substance in every direction, 
so closely resemblii^ those obtained from the coral tribe, as to establish a degree of 
affinity between the OofaUidie and Spongiade so ini^mate as to appear to {dace tho 
aninmi nature of the latter bqrond a reasonable doubt. These tissues are in a Eke 
manner common to Nullipora. How far this nay h6 the case with other apolypous 
com!-: rrtnains yet to be proved ; but should the same stnirtnres prevail in these as in 
th It nus, it would go far to prove these curious bodies lo be animals, instead of 
being, us heretofore considered, vegetables secreting calcareous matter in unusual 
quantities. 

The csiliilar tissue of the Nulliporidee is oertidfaDly, as rs^irds both sponges and 
coials, anomalous, but the membranous and vascular tisraes whidi accompany it an 

in an equal degree contrary to the types of the corresponding organs in any esta- 
blished vegetable body with which I am acquainted. Their true position in tin scale 
of organization would therefore seem to be between the Corallidte and i>pongiadee ; 
abounding in membnuoos and vascular tissuest Iflte those of the former, but totally 
destitute of polypifbrons orgamsms, like the latter i wUle the cells and Aeir accom- 
panying cytoblasts arc but a more methodical development of the same laws that we 
observed in Operation in the membranous portions of almoM ev«y ooxal that was eX' 
amined. 
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PLATE XVI. 

Fig. 1. Vascular tissue with csecoid appendages. B^Uepara abxcands. 
Fig. 2. Large vascular tissue with valves a a at ttic entrance to the vessels with 
ccPfoid nppendageSj and at upon the main trunk of the vesMl. MilU^ 

pora alcicornis. 

Fig!>. 6, A. Large vascular tissue with valves, from Cellcpora pumieota. 
Fig. 6. Branched and celliilated vascnlar tisane, from Pmonia Boktifanms. 

Viii. 6. The same tissue with ovmd bodies at the apex. 

Fig. 7> Large brown, round or oval bodies, with moniliform vesselsi, from Pmonia 

Bofcfiforml.s. 

Fig. 8. Siliceous spicula and cytoblahts imbedded in the meinbrauous tissue of 
Anthopora. 

PLATE XVII. 

Fig. 1. Strings and groups of cytoblasts from Millepora Qlcicorms. 

Fig. 2. Vessel continued by cytoblasts from Millepora alcicornis. 

Fig. 3. Membranous sacs with cytobla8t^ at their apices, and minute vascular tissue 

with caecoid branches terminated by cytoblasts. CeUepora pumicosa. 
Fig. 4. One of the membianons saos of the same, magnified 800 linear. 
Fig. 5. Cellular structure in a Nsdlipova firom Sydn^, Aoatralia, exiiibitiog the 

ends of the cells with the cytoblasts at the apices. 
Fig. 6. A lateral vieu- of the ^nmo ti^snc. with the cells empty. 
Fig. 7- A single cell uucompre^t^cd, troiu the :!>ame, with the cytoblast at the apex. 
Fig. b. Fibro-veucular tissue from a species of Agaricia, nearly allied to A, am- 

pHaia, 

Fig. 9. Two oytobJaslB firom Anlhoponij magnified 800 linear. 
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XIV. Thb Bakbman Lecture. — (hn the Trmtj^artiujf ^ the Atnuuphere and the 
Law of Extinction of the &tlar Rays in pasumg through it. Bif Jutma D. Fokbbs, 
Esq., F.R.S., Sec. R.S. Ed., Oorretponding Member of the Royal hu^tUe tf 
Frmobt and Prqfetsor of NtUwrtd Pldloupf^ m the Unherm^ e^ EUsnburgh, 

RmM Ihj 90l— BmmI Mftj 21. IMS. 

Contents. § I. Qualities nf Hnys. ^ II. JTistoryof the Inquiry. ^ III. On the 
Mass of Afmosph eric Jir traversed by Rtnjs with varying obli (fid t'tes. ^ IV. Ac- 
count of the following Ohservatums : — Comparison of Actinometers — Reduc- 
tionfyhtervaltqfOneJISmtte. \y*AnafytuqfAe(^tervaHon9f^iheMtk 
if Stftanher^ 1882. % VI. CkmwngiheldMi^Bxib^^ % VII. Other 
OhterwHoiu in 1883. % VIII. OhtennOiau in 1841. ^ IX. Gmebuions. 

1. The cxperimeDtB which will chiefly be analjaed in this paper were made nearly 
ten yean ainoe. I have heen deterred from drawing the conelusions from them 
which th«7 warrant, partly by the great labour of the necessary reductions, and 
partly by peculiar and itiln rt'iif difTiculties which this intricate .subject presents. For 
the coinpntatinns I atii niucli indebted to the perseverance and care of Mr. John 
Broun (now inagnelical assistant to Sir Thoma» Brisbane), who has made most of 
them under iny eye, and also to Mr. Jambs Stau. For much which yet remains 
obscore and nncertain in my conclusions, I anticipate the indulgence of these best 
acquainted with the uncertainties under which the subject of absorption, whether of 
light or heat, is still veiled, and with the little advance which has been made in the 
purticular branch which we have to consider, namely the law of extinction of solar 
light and heat in the atmosphere. 

2. Femanently enclosed as we aie within an imperfectly transparent shell which 
separates us from the realms of apaee, a knowledge of the various properties of the 
atmosphere, especially as regards light and heat, is peculiarly important in the reso- 
lution of many cosmical probbniis We cannot at will place ourselves, as it were, in 
a point in space, until we can eliminate tiie effects of tliis transmission. Hence the 
great importance of the subject of astronuuiicul retractions, one nearly allied to 
the present, and which has exercised, from the time of Nnwroiv to that of Ivoar, the 
happiest skill of some of the roost eminent analysts and natural philosophers. The 
difficulties of tiic doctrine of astronomical refitictUiilS it has la common with that of 
the extinction of light, and to these are superadded many more, owing to the incom- 
paral)ly inferior methods which we have of measuring both light and heat compared 
tu the measure of angular 4uantltie!«. 
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SvcnoK I. — QxiaUtief of Rays. 

a. Not to incur a charge of vagueness, to which our remariis may be thought iiabie 
vlien we qwak of Hght and hcKt tofrther, I froold fint nolSoe llie difficulty under 
which we labour in this respect. Our instranients are eo imperfect that it is difficalt 

to say what particular effect we are truly measuring at a given time. The solar raya 
contain liijlit and heat ; and earh of ttipse results of radiations varies, first, in respect 
of intensity, and secondly, in respect of quality. We may seem to perceive a change 
in the Arst of these effects when it is only the second which has varied. Light may 
be more or lets brilliant^ but it may atoo be red or yellow. Heat nay be more or 
less intense, but it also changes its quality In a manner airoihir to the eftci of color- 
ation for light. A person who could distinguisli only yellow lays of light, would feel 
as if plnn'Td in darkness when the red ray of the spectrum was directed on his 
eye. Our instruments for the niea-surenient of heat possess undoubtedly something 
like the quality now supposed to exist in a natural eye. lliey may indicate, not 
the whole intenst^ of the incident heat, but only the intensity of that raodlft- 
cation of it, to which the measurer applied ia exdosively or peculiarly sensitive. 
As we employ a blade, or a blue, or a wirite thermometer to measure the force of the 
solar rays, we ■<h\\\\ have indications not only absolutely different, but relatively dif- 
ferent under dilTerent circumstances. Interpose, for instance, a plate of glass, and 
though the same reduced quantity of heat falls upon all the three instruments, the 
black thermometer wUl sink less than the white one would do*. We cannot tell bat 
that the atmosphere acts as the plate of glass does, and therdTore, that the indication 
of the opacity of the atmosphere in respect to the beating rays is only true as regards 
a certain class of heating rays : nay, it is almost tlr:non8trated that such is the case ; 
and that consequently we must use " law of extinction," " transparency of the at- 
mosphere," and such terms, with especial and exclusive reference to the ckiss of effects 
which our instvument is capable of measuring. 

4. The direct quantitative measurement of light has not yet bera satisfectorily 
accomplished ; and of the indirect mcthods,some depcii l ij jn the faculty of the eye 
in comparing iUuminated surfaces, and others upon the thermonietric ofTects which 
t\\f lutninous calor iir rays produce. We can by no means conclndp that tliese two 
UK-tiiods, so disMmilar, of estimating the loss of solar Ught in its trauMi through the 
atmosphere, ought to give identical results. The one was practised by Bovouaa, the 
other by tiAMBBiT{ and it is to the hater chu« alone that the experiments to be de- 
scribed in tins paper belong : hut before detailing them, it may be wdl to glance 
historically at the more important parts of the problem. 

Section II. — Ilktury of the Inijuin/. 

5. Sir Isaac Nkwton, in the third book of his Optics, speaks of the opacity or 
imperfect transparency of bodies as aridQg from the multiplied refiectionB of Ught 

• P6WIU, IluloMpUMllte»Btkai» 1886. 
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in their interior, owing to a want of perfect homogeneity; but be does not seem to 
have pushed the consideration of the matter much further, at least so far as 1 recol- 
lect of the history of optics of his time. It is to B4XJOvb» that we onv the first oanfiil 
conridention of the varyin; intendties of absorbed and r^ected light, and a special 
appUcadon of it to the case before us, the transparency of the atmosphere. Father 
Francois Marib had, indeed, in 1700, described an instrument intended to measure the 
intensity of light, but he failed grievously in his proposed applicjition of it*. It con- 
sisted of a series of plates of glass, or increasing thicknesses ot water, to be interposed 
between the eye and the object until the light shonld be wholly stopped. Bnt the writer 
IMOoeeded on the imccnrate idea, that each snoeeseive plate, or indemcnt of thielciicss, 
would stop an equal proportion of the ongmal light instead d an equal share of the 
ligfit incident upon it. The former, being an arithmetical progression, would produce 
a sprrdy and complete extinction; the latter would give a continually diminishing 
geometrical proportion, which would approach slowly and indefinitely to zero. 

& This last anak^ Bougubr perodved and proved in a tmct pnbfished in 1 7'^^, 
wbidi was only the preeoreor to Ids great work, pablisbed after his death, mider the 
title ot ** Trait£ d'Optique sur la Gradation de la Lumi^re"*)-. He shows that, from 
the geometrical law of extinction just alluded to, the remaining intensity of light, 
after having passed through any thickness of a imiformlt/ dim medium, may be repre- 
sented by the ordinates of a logarithmic curve, the abscisses denoting the thickness. 
This property be ingeniously applies with comnderable mathematical skill to a variety 
of cases. Hie ohief of these is to the transparency of €be atmosphere. 

7. Mairan had already shown ^ that the varying thickness of the atmosphere, 
traversed by rays from the heavenly bodies at different altitudes, during their diurnal 
course, produces a continual variation in their appartrit hriehtnpKS : and he anticipated 
the possibility of deducing the total loss in one transit by comparing the loi>«es due to 
different tldeknesMS. Bnt he was ignorant of the I^;aritiunic law discovered by 
BouGvna ; for he snppoeed the losses of light proportional to the lengths of the paths 
traversed^. The latter gave the theoretical solution of the problem, and applied it 
to practice. It being inferred from what has been already stated, that the intensities 
are in a geometrical progression wlicn the thicknesses vaiy arithnietically, it follows 
that the thickness traversed, of a homogeneous medium, is proportional to the differ- 
ence of the logarithms of the inddent and transmitted light, or what comes to the 
same thhug, it is proportional to the logarithm of thdr ratio. Thus, if for atmo- 
spheric thicknesses .r, and Xj, the transmitted li|^t be and ; also, if V be the 
intensity of light exterior to the atmosphere, and m a constant 

00 

* Nouvelle Ddcouvertc sur 1b liuuuerc pour ca mesuicr €t compter les de^p^. Cited in M omv^iLA, Histoire 
ilw MrthfiMtiiiBM, Bi, $38, vlwn dMie i* • good altMeh of the hiitorjr of photsowtry. 
t 4to, Ruii, 1780. t Mteioini de fAcAdemie, 17S1. i Mtm. ^ 14. 
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wliere everything is known except m, which is thus determined, and which substi- 
tuted in eq. (1) gives the value of V the unknown intensity exterior to the atmosphere 
in tenna of the same nnlt at Vi and %. For eq. (1) may be written 

logV — lof Vi&sm^i 

and 

logV = logy, + (4.) 

8. This was the principle of Bouguers solution ; tlie values of v^ and i'^ were de- 
termined by comparing the intensity of moonlight for dift'erent eU'varintis. Thosat 
elevations of 19° 16' and of GG' 1 1' the intensities were as three to tw o when compared 
by means of tiie Bglit of wax candke at variable distances*. The values of and 
*f were determined from tlie aoppooed eonstitation of the atmosphere in a manner 
we shall afterwards make known. 

9. The conclusion at which Bougtier on the whole arrived was, that the light of 
the sun and stars would, by a simple vertical transmission through the atmospheiv, 
be reduced to 0 8 123 of its original brigbtness't'* 

10. It is evident from the preccdhigr Investigation, thrt as the extinction of the ray 
depends on the rate of inclination of the logarithmic curve to its axis at any point, in 
different homogeneous substances, the intensity of the incident light being the same. 




B » 



the decreasing ratio of the light is inversely as the 
constant 8ubtiuii:cnt. Thus, let A B represent the 
ligitt incident on a plate whose thickness is reck- 
oned ill the dfireetion B D, and let A a be the de> 
crement doe to the passage of the ray tbrongh 
the thickness B A of any medium : let A a be the 
smaller dct rpnunt due to the action of a more 
transparent medium : then 

Aa : Alj = B^ : BC 

and 

A«: ABssBft:BD, 

whence 

Aa : A« = BD : BC, 
or the decrement is inversely as the subtangent of each curve. 

* Four wax candlw forty-one feet off" equalled the intensity of moooHs^ht with an elevation of Gfi" 1 1', and 
the same number at a distance of fiftj feet corresponded to aa deration of 19° 16'. The intensities are aa the 
aquarea «f die diataiwya kmidr, or SWO to ISBI. or amlf aa S : S. 

t lMlifi4rOplitne^p.9SS. 
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1 1 . The flefinition of transparency, according to Hououbr, is the reciprocal of the 
thkknesx of tiie medium required to diminish the incident Ught in a given ratio. 

12. Id the same year with the poethnmom poUiGatioii of Bouaram app^ired die 
nMrtometria** of Lambsbt ; a work of great hin^uity and labour, based in many 

respects upon Botfooaa'a eariieat investigations already mentioned, to which tlw 
autlioi- fails not to ^ve due credit. This work, owing- to some circumstancff, 
has always been very scarce : Priestley appears never to have heen ahlu to get 
a copy, and now it is one of the rarest of modem scientific works. It was printed 
under the title of ** Pholometria, slve de Mensara et Gradlbns Lominis, Colorum, et 
Umbrae. Angostee Vindelieomm, if 90, 8vo, pp. 547***. In the first duster of the 
fif^h part, the author treats of the transparency of the atmosphere. His methods of 
finding the thickness of air traversed at diflrcrent altitudes are less accurate approxi- 
mutionn than that of Rouguer. His method of observing the intensity of radiation 
was very ditl'ercnt, as well as the result. He observed the degree at which a ther- 
mometer lying in tlM snn rose above one In the shade, and lie took this difference 
as a measnre of solar radiation. The experiments bri^y cited in tiie ** Pbotoinetria**-t- 
are ihlly detailed in bis " Pyrometria,** pnblislied in quarto in 1779;^. Lambert's obser- 
vations on the intensity of the solar rayS were made during a considerable part of the 
year. The following made at Coire on the 17th of May 1756, he selects as the best: 
the height of the barometer was twenty-six French inches. 

Reaum. 

Sod** Aldtuds. Bx«M»iD tin Son. 

W ll*8 

60 14-6 

40 12-8 

30 100. 
Hence, by a procedure the same as has been above explained, be deduces the light 
transmitted throngh the atmosphere in a vertical direction, which he estimates at 

U'aSiiU of the incident rays, being lesii than instead of more than y, as Bougi;br 

bad supposed. 

13. Lambebt's work on Pyrometry is further remarkable for the clear description 
of sereial metliods and results which iwve in times lieen rediscovered or snc- 
cessfally applied. He was the first to apply cakmlatimi to the flow of heat throngh 

solid bodies^ : he discovered the law of t!ie intensity of ra^ant heat proportional to 
the sine of the rintrlc made with the heated siit race|]. He was aware that the true 
measure of the cause of radiant heat was the veivcity of heating resulting from it^. 
He applied this method to the detenuiuatiou of the permeability of successive plates 
of glass lo tlie solar rays, ooDstructing for each experiment the curve of rise of teni- 

• TlwudjriB of tUs link bMontodhlk imperfect. t page 396. $ 886. 

t 14S.I »). f F)rr.f S97. | Pyt. |S19. ^ | 27». 
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perature in terms of the time elapsed, frotn which hp deduccf! the velocity of heatings 
under i^imilar circumstaoces. The result of these experiments is remarkable as an- 
ticipating the lav usually attributed to Da ia Roche, that the facility of transmiinoa 
through socoessive plates of glass contintially incneases with the number alieadj 
passed through*. He thtis finds 

ham. 

Incident heat 100 

Thfoagb one plate of glass . . . 84 16 

Hirough two plates of glusa . . 60 IS 
Til rough three plates of glass . . 59 10. 

We sluill have ocrasion to return to this important experiment. 

14. In 17/4 Dk ISaussurb employed an instrument which he called a Heliother- 
uomcter, for measuring the force of the solar rays, particularly upon the top of 
niountatns. It consisted of a wooden box lined vlth tldck pieces of blackened coik, 
and covered wHb three separate superimposed glass plates widch adnutted the solar 
rays to a thermometer placed in contact with the ooric t in this instrument the 
mercary rose to 70" Rbaumur-J-. 

15. Sir John Lesub, in his Essay on Heat^, proposed a modification of his diffe- 
rential thermometer with one bulb blackened, and the other clear, as a photometer : 
since the excess of effect on the dark ball appearing only when beat is accompanied 
by light, might, he thoaght, be cooridered as a measure of the light. There is» how- 
ever, a twofold objection to consider this instrument as exact in its indications. 
Ist. Tlie quality of aflfectiog dark surfaces more than pale ones, is a quality of heal 
often accompanying, but not inseparable from light. I'his has already been proved 
from Professor Poweix's experiments, which have been further confirmed by M. 
Meuoni, who finds, for instance, that a black and a white sor&ce absorb lamp beat 
in the ratio of 100 to 80 5 ; and if the heat be transmitted through rock salt, the ratio 
is unchanged ; but if alum be used instead of salt, though equally permeable to light, 
the ratio now becomes 100 : 42"9. But, secondly, an objection clearly foreseen by Lam- 
BBKT, is applicable to all measures of a radiant source by the statical effect on a thermo- 
meter. The condition of a body remaining at a higher temperature than the surround* 
ing medium is this i^^that it shall receive in a given time as much heat as it parts 
with : the more it receives the higher must be the tempeiatiure to which it must be 
raised in order to part (by the law of cooling) witli an equal amount. The measure 
of intensity depending upon the stationary beat of the thermometer, clearly supposes 
that the cooling proceeds according to a constant law in all the ecperiments which 
are to be compared^. 

• VjmaMxbt, | SS3. f Vvpfmimlm Alpet. f 982. t Sm. Und. 1804. 

i Tlw torn iriuch Lktumt gm to lib fbiniila wis thb.— 



Digitized by Google 



IN^PABSIHO THROUGH TBB ATJIOSPBERB. 



SSI 



16. The former <tf tiiese objedioiw applies to all tbamonketrie uutnunento c«nsi- 
deced aa Sghi mcMorers ; bnt the latter hae beea ingentomly got over hf Sir John 
HaasGHiii, In a way more conrenie&t in practice than tbat used by Lambert. 

17. Her'^chrl's artinomt'tcr consists of a thermometer w ith a large cylindric bulb, 
containing a deep-blue lluid (the ammonio-sulphate of copperj, and inclosed !n a 
woodiin case, blackened interiorly and covered w ith a jilece of thick plate gioiis. The 
capacity of the bulb may be caaaed to raty, by screwing in or out a plunger which 
enters parallel to the axis of the eylindar, rad the use of whieh ia to retain the top of 
the column of fluid within the range of the tube, which is connected with the cylin> 
der as in the common tbf'nnofneter, and which it would otherwise be liable to exceed, 
owing to the great variations of temperature to which it is exposed. The velocity of 
heating daring exposure to the sun is ascertmned by limiting the exposure to one 
mtimUe, dniittg vidiA the rise of the liquid is aecuntdy obserfed. But sinoe daring 
this minute tbe viae was not that due to the solar influence alone, but to the direct 
solar infltienoe pbu or minus all the cooling or beating Influences simultaneously 
acting on the actinorneter, these indirect influences are ascertained and allowed for 
by exposing the instrument for one rninute behind a screen, which merely stops the 
bular ruys, but allows all other actions to go forward. If the instrumental readings 
fttU during the shade observation (owing to the coolness of the atnuwphere and the 
high temperature of the liquid), it is plidn that the solar action was not only tonriwr but 
to maintain the temperature, and that the fall during the shade observation must be 
added to the rise during the sun observations to give the effiv t due to the snn. On 
the other hand, if the temperature continue to rise during the j»hade observation 
(which may be due to indirectly reflected heat, or to the communication of heat from 
the parts of the iostmment), it is plain that the rise in the snn was not wholly due to 
the Immediate solar infloenci^ and thereliMe that the rise In the shade mnst be sub- 
tracted from it. 

18. This instrument gives very constant and satisfactory results: it is the one 
with which the following observations were entirely made; examples of tlie mode 
of using it will therefore be given when I come to describe my own experiments, in 
the mean time I may refer for the first description of the actinometer to the Edin- 
burgh Journal of Science for 18S}S * ; and for a very foil account of It, and the method 
of using if V y Sir JooN HsNSOBaL himsslf. In the * Instmctlona* lately published by 
the Royal iiocietyf'. 



time, / tbe time, and S tbe (ubtangent of tbe logarithmic cnrre which exprcaaes tlus Newtonian law of cooling, 
hwiiigdweto«w«f tamprntoMdiinstlicBadiamfbrilacid^ Tbanb- 

tangCDt varies (a* lie oLserves ^ 282) with tbe atate of the atmoajihere. It is very remiirkaWe that Lbslib 
himaelf pointed out in his very earliest publtabed composition (an £ssaj written in 1792 or 1793, but fint 
printed is Tkomov't Aiunb of Fhfloaophy in 18lS, toL zv. p. ?.). that " tlw Mwf dbMye" (or nte of iieit> 
ing of a Uack rarfiwe expoaed to tbe nis) " od the thermometer, is in every case the only certain and acaarait 
w u a n r t vl flnmrnmiiwitfon of he«t"t— « principle which, however, he pnetkiUy a b andoned, as ve have seen. 



• V«l. iii. p. 107. 
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19. The Kale of the aetinometer is an arbitnuy one obtained by tbe direct eom- 
pariaon of one instrument with another ; a method whicb, as we SliaU see, admits of 

jrreat accnracy. Sir John Herschel has, indeed, proposed to convert his degrees 
into " actines," each of which represents " that intensity of solar radiation, which at a 
vertical incidence, supposing it wboUy absorbed, wouid suffice to melt one-millionth 
part of a metre in tfatekneie fiom a ibeet of ice boriaontally exposed to its action, per 
minnte of mean solar time**. It may be apprehended, however, that an arbitrary 
comparison will always be found more available in practice. Tbe scale of Leslie's 
photometer should also be considered as arhitrary ; the method of graduation by 
conversion into hygrometric degrees being wholly inaccurate. 
, 20. Lbslik, from bis experiments made on the sun's force at different elevations, 
concluded that one^/bvrf A of the solar rays are absorbed daring a vertical transm^ 
MOD tbrongh the atmosphere in clear weather at Edlobni^'f . Ks experiments were 
made under the revolnng dome of an obeervatory|. Thus the indirect heating and> 
cooling influences were in some degree avoided. These influences arp of a very 
material kind, nnd prove the impossibility of obtaining even an approximation to 
useful results wiiliout allowing for tbem. Tbe photometer of Lesub indicates as 
mneh eflfeet (aocOTdlng to Profcnor KlaRz) due to tbe light reflected from the at* 
mosphere as to the diiieet solar Infloence; certainly a most startiing result, but one 
entirdy confirmed by ray own observations. The part exclusively due to solar in- 
fluence being taken by M. Kamtz, he finds from Bocgukh's foiinula an extinction of 
no less than thirty per cent, of the solar rays in reaching the summit of the Faulhorn, 
by a vertical transit through the atmosphere, the pressure of which amounts there to 
only aboat twenty-one English inches^. 

21. M. PoviUAT, of Paris, described some years ago an i^paratos for raeasaring 
solar radiation, in which tbe errors of Otiier statical contrivances were in a great 
measure avoided, by enclosing the thermometer in an envelope maintained at 0" cent., 
with the exception of a small hole which exactly admitted tbe direct rays from the 
solar disk. Since that time be has adopted I1ebschbi.*8 dynamical method, which 
he has applied to a modification of the aetinometer» which he terms a f^rkeUomeUr $ 
reserving (rather unfiwtonately, I think) the term actinometer, which was already so 
fitiy appropriated, to a separate apparatus for measuring nocturnal radiation. These 
instruments and their applications are described in an ingenious and interesting 
memoir read to the Academy of Sciences, 9th July 1838, printed in the Comptes 
Rendus, uud privately circulated under the title of M^moire sur laCbaleur SoUui-e 
sur Ics Povvoirs Rayonnants et Abeortianta de 1* Air Atmosph^riqm^ et sar la Temp^m- 
. ture de r£space.** 

32. The pyrheiiometer is composed of a thin metallic chamber containiiig water, 

* Rupi Soekft^t Inrtracliau, p. S5. 

t Article ' Climate,' Encyclopsdm nritannica. 

} See rajr Supplementery lUport on Meteorology in the Blitiili AMooiatioa Report for 1S40, p. 63. 
i Lllblbneb der Mctoorolugie, iii. 14. 
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blackeueti externally, and exposed to solar radiation, having a thermometer plunged 
into it, which aseertains the rate of heating or cooling of the fluid in the chamber. It is 
obaerved hy snn and shade alternating series, after the manner invented by HBascRit, 

and the whole instrument is only a less perfect modification of the actlnometer under 
a form sli^jhtly tlifTerent. M. PoiuLr.KT, from observations at Paris, finds the absorp- 
tion of solar heat to follow very ri-joroiisly the law of Bougurr, — namely, that the 
mass of air traversed varies a!> the logarithm of the ratio of the intensity ob^rved 
to the ufHiBtant intensity beyond tlie atmosphere. He gives it the form * 

where f is the observed intensity, A is what lie oaUs the solar constant (i. e. the in- 
tensity beyond the atmosphere), p the atmospheric constant which determines the 
Opadty, and • the mass of air to be travctsed. 
23. That this comcs under fiouoonn'e form is easily seen by taking the logarithms 

of both aides : — 

. log^ssilogp, 

where log /> is a constant. From his various observations M. PoviUiBT concludes 

that the loss by vertical traasmission is sometimes ns low as eighteen per cent., 
and seldom higher than twenty-five per cent, when the slcy appears pure. 

SicnON III.— CM fjbe Man ^ Atmo^eric jihr trmen^ by rays with varying oblt- 

94. It follows, from the simplest geometrical consi- n^. s. 

derations, that if the strata of air be ranged concentri- 
cally, and if the thickness of the atmosphere A D be 
small compared to the radius of the ;;lolje C A, the 
length of path A B of the rays of light will vary nearly 
as the secant of the senitb distance, except near the ho- 
rixon. It is, of ooorse, supposed (which is the fact) that 
the curvature of the path A B is so inconsiderable as not 
materially to affect its length. Witliin tlie limits between which the above approxi- 
mation may be aeeepted as correct (that is, for altitudes above 15" for most pur- 
poses), it is plain that the law of densities at different heights is left out of account ; 
for the hypothecs amounts to oonshlering the strata as Jlatt and therefore as ^1 cut 
by the ray at the same angle. 

Near the horizon, however, this law can give no approximation, for there the 
secant would f^ive an infinite thickness traversed, whilst the curvature of the globe 
and atmosphere limits the path to the length of the line A II. If we would, there 
fore, ascertain the length of path, we must ascertain the length of A H ; und aiu 

* Mtooire, p. 6, 
MnCCOXLtl. 3 H 
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for all low i levritions. This \nt\-r=- n l:nowlcd/;-i> of the beigbt of the atmosphere; but 
more ttiuu this, it requires that sliuuld be able to ascertain the density of each par- 
ticular stratam of tar, Utr eiieb stntara is traversed at a different obiiquity^ aod tbe 
quantity of matter which each stratam opposes to the passage of the ray is evidently 
proportional to tfae density of the stratum, and tbe length of path in tbe stratum. 
The mass of air penetrated will be tbe integral of all such elementary parts. 

26. Supposing' the atmosphere rlivided into three strata of equal thickness but 
differing iu density, it is evident that the horizontal ray H A will traverse the coui- 




pai-atively short space Ha of the highest, the lonji^r space a b of the middle stratum, 
and by far the longest course h A iu the lowest (the curvature of the path heing 
small). Now a!> tiie lowest stratum is also the densest, it follows that on both these 
accounts tbe stratum in which we are placed acts most energetically, and hence the 
thickness traveraed by a hoiisontal ray may be represented by a highly converging 
series upou almo<;t every physically-possible hypothesis of density. 

27. This figure also shows that, supposing the strata nnmerous and thin, the 
thickness of each stratuui traversed will he equal to its vertical thickuess multiplied 
into the secant ot the angle of incidence of the transmitted ray. 

98. hAMBMMT contented himself with finding in the first place in fig. 2. tbe length 
of tbe line AH or A B from ^ple geometrical considerations, which he gives in 
these terms*, 

cos y T = ^/ y + 2y -f v^; 

where y is the zenith distance, 1/ is tlie height of the particular stratum DD H (the 
earth's radius being = I ), and x is tbe length of the path A B or A H. He then dif- 
ferentiates tbe expresdoo in respect of » and y, and mnltiplying tbe element of tbe 
path thus found by the density of the stratum (variable with jr according to some law 
to be assumed), he expands the quantity to be integrated in a series, of which, how- 
ever, he has not attempted to find the exact value, but stops at tbe first term wbicb 
is proportional to tbe secant of the zenith distance, as we have seen. Tiie only person 

* PiiotaiiDetna, p. 393. 
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who, ao Alt as I know, has pushed the approzinuitiMi praOicalfy to the lecond tern, 
which has the form 

B tan-' 7 . sec y, 

is Professor Kamtz*. M. Pouillet has simply a(Io|)tt d the first formula above given, 
which, as it snpposps the density constant, will make the mass of air traversed appear 
too small, producing in bis results an accidental compensation of errors to which we 
shall afterwards allode. 

39. Luamefs approxiinatioiiB are entirely of a tentative kind, that is, dednoed 
h posteriori by aicertaining from a nttmber of observations corresponding to the 
number of unknown coefficients, the successive terms of a series or points of an inter- 
polating curvp. 

30. This method is objectionable in this respect, — tliat it proceeds upon the as- 
sumption of the nniform opacity of equal successive masses of air, npon which alone 
the logarithmic form of the law of absorption is correct. Smce our object ought to be 
to verify this law, we must have a direct method of ascertaining the nuiSS of air 
traversed by a ray at diflerent elevations, which can only be fbnuded on an Offrwd- 
mate knowledj^e of the constitution of the atmosphere. 

31. fiouGUBR had previously solved the problem in a direct manner, though by 
approximation, which is indeed the only mdftod it admits of. Assuming the loga- 
rithmic law of densities and hdghts in the atmosphere (as in the common barometric 
formula), and stipposing the temperature constant, he obtained a coovergiDg series 
for the atmosplierif niafs!? traverj;t'(! by a horizontal ray, and also at different eleva- 
tions'l'. 'Vh'\< liu expressed in thii-knes^^es of air of the common density at the earth's 
surface: u^suming the height of the equiponderant column of a uniform atmosphere 
at 3911 toises, he finds the mass traversed at 45^ of elevatioii to be 6530 tolses, and 
at the horison 188,823 toises. Notwithstanding that he says that theappnnimation 
was not pushed very fur, \\ e shall show presently that Bonouaa** determination cor- 
responds well with that obtained by the most recent niethnds. 

32. Laplack has considered the subject of the extinction of light by the atmosphere 
in the third chaiplat of the tenth book of the Micanique Cdlesle. He has there inge- 
niously established an analogy between the amount of astronomical refiiaetion and 
the mass of air traversed by a ray in any direction. By this means, the ample know- 
led<^e which we at present possess respecting astrontmiical refhictions becomes im- 
mediately applicable to the snhject before tis. 

33. 1 may remark, however, in passing, that in inquiiing into the law of the ex- 
tinction of light by the atmosphere, we would do well to avoid much use of observa>- 
tions near the horixon, the opacity of the vapours u& the atmosphere introducing a 
variaUe and important element not recognizable with any accuracy by common me- 
teorological observations. Any law of extinction will, therefore, be better determined 
from multiplied observations at elevations above 15°, than by those nearer the horizon, 
which are liable to more than all the objections to astronomical observations made 

• M«t<onlogie, III. 13. t Tnit« d'Optiin«. p. 

2 H 2 

Digitized by Google 



PR0FB8S0R FORBES ON TBB BXTINCTtON OF THE BOhkR RATS 



under limilar droumstanees. For smaUer senitb distances it has already been ob- 
•erved that hAUBrnw^n simple \tm of the secant gives an approximation quite vitbin 

the limits of error of the obaerrations to be compared. I buve, therefore, adopted it 

uniformly in my reductions, partly for the sake of simplicity, partly on account of a 
doubt I at orifj time entertained respuctinf; the admissibility of one of Laplace's ap- 
proximations, — a doubt which was removed by consultation with my colleague, Pro- 
fessor KaUiANi). I thinli it may be useful, however, to give a short proof of La- 
vlacb'* method, on aeeount of its accuracy and simplicity, in wbieb everything bo* 
longing merely to the subject of refraction shall be omitted, and only what is essen- 
tial to the law of extinction considered. In doing this I shall avail myself of the 
valuable assistance afforded by Bowditch's notes to his translation of the M^cam^ 
Celeste. 

34. i. Tojbtd the ^ffemtHat equation of the hUtnnty <^ transmitted Light.— hilt 
O D. (fig.4.) be a portion of the eaitb*a anr&ce, C its centre^ A' A O the path of a ray of 



Fif.4. 




e 



light ; C A = rthe radius of any concentric stratum of the atmosphere, whose thick- 
ness A F = f/ r. Let the angle A' A F = E A O = i?', which denotes the angle with the 
radius made by the ray in passing through the stratum under consideration. Then 
the thicliness of the stratum traversed will be A A' = r sec v' ; and if the density of 
the air in the stratum be f, the mass 'of air passed through varies as f <f r sect/. 

35. Let f represent the intensity of the light jnit entering the stratum A' F, then it 
will suffer a decrement — rf« in passing through the stratum A' A, bearing a constant 
proportion to tlie bri-^'htness of the incident beam and to the resistance wliich it has 
to encounter (supposing the opacity of a medium to depend solely on the number of 
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material particles which it contains, without reference to their distribatton). Conse- 
quently 

dt=. — i^. 6. gdr. sect/ (1.) 

Q being a c(»istant qnantity. 

36. ii. Tojkd the diJeraUial ^ it^artfmi.— In fig. 4. & is the angle formed with 
the zenith by any element A' A of the path of a ray A' A O refracted in the atmo- 
sphere. Hence the variation t^ior dfiis the differential of refraction. Now 

fisv + v' (2.) 

d6=dt+dv' (3-) 

37. iii. When light is refrac ted at siu c ('ssi\ e concentric surfaces of varying density, 
the tlexure of the ray at each is the diircrcuiial clement of refraotkm. Thus in fig. 5. 
it is evident that the oonrse of a ray being represented by the polygw a * c e, the 

ng.5. 




flexure at the coumion surface of each successive stratum 4, 4', 4'"* &c., due to the 
inequality of the angles of incidence and refraction, measures the actual deviation of 
the ray fram a recdUnear course*. Hence 

rcfiwstion = 4- + ^ + 4^ + 

and ^^ = ^ ; ■ • 

38. iv. When lii^ht pnssps fVom one part of a medium whose density is to another 

part of the same medium whose density is f*, 

sine incidence : sine refraction — 
k being the refractive powv of the medinoi. This oirti«»l princtpte is derived from 

experience. 
Let = f + then 

sin incidence 



sin refraction 



V' 1 + kq 



* 1 ipecify this, bectiue at first sight it would seem »5 if the Aemnemqiintioii tskiilglfaM khhA ft 
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39. V. Now let the my of lit^ht be conceived to return in fig. 4. by the path O A A', 
or in tig. 5. through dv b, then tiie angle of incidence is t/ (fig. 4.) and the angle of 
refiMetioii Is (by fig. 5.) t/ -|- or by eq. (4.) v' + il. Hence 

wnindJmce _ """^ _ ^\ + kf + kif > 

tint/ : sin (»' + 8 = VTT^FJTnT: >/r+Tf. 
And passing to differastisls, 

sini/ : cost/if^ = ^y/T+Ti : — A -/f ''^ , • 

iml5'*'=-«(l W 

^^=-«Tri*f)'*°*^ i'-^ 

40. vi. Let us now compare equations (1.) and (".), being: the jlinVrential values 
of extinction and of rtfraetion. We obs-erve first, that on the hypothesis of a uni- 
form temperature thro)i;;huiit tlie atmosphere, the logarithmic law which connects 
density with height gives us the rekitton 

dg : g = d r : I, 

the logarithtiuc subtangent or height of the equiponderant column. Hence 

gdr=:-ldg (8.) 

Sabstituting, equation (1.) becomes 

da 

— = . log i = Qldg&eci/ (9.) 

Eq. (70 gives for the element of refraction 

dividing tbis by the former, 

7Mr. = -2 (AH} -f ^g) ^'"*^ (10-) 

41. vii. it reiiiuiub tu determine the value of sin v*. 

Byeq.(3.) dt/szdfi-^dv (11.) 

By fig. 4. A'F = rdv 1 

A'F = 4fr.tant// ^"'^ 

Equating tbe tiro but, 

dv = ytanif (13.) 

Substitating in eq. (U.) from (7.) and (13.) 

^ l«(l+fif>'*' r / 

— cos t?'rf«/ I 

wne* "7"*" 2(1 + kg)' 



* 
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Integrating, 

logC — log sin v' = logr + log\/ 1 + /rj, 
C being a constant, 

S^ = r^l^k} (14.) 

When the ray starts from O (fig. 4.) the angle at which it intersects the inferior stra- 
tum is the apparent zenith distance = 0 ; therefore = 0 : let also r = a the earth's 
radius, and ^ = {g) the density al the eurth s surface. Uuder tUeise ciruuintitaDces 

OT=«v^r+A(f) • (ISO 

Dividiiig by (14.) 

sitiB r \/} + k ^ \*^'f 

42. viii. Substituting this value of .'•in v' in eq. (lU.) it becomes 
di -k a /r±T(o) , ^ 



In which, if we consider k (j) ;incl each as small compared to unity, ami — as 

nearly equal to unity, the coefficient of sin 0 on the second side will be constant for 
any value of the zenith distance. Also these approximations will be as exact near 
the bomon as dsewbeie. Hence eq. (17-) may be written* 

^i.iofii^-Sji? 



Integtatiog and supplying the oonstant and calling now 2 the whole refraction. 

Here E is the value of i when refraction commences at the exterior limit of the at- 
mosphere : it is therefore the measure of the intensity of solar light thcre-^. 

48. be. From the apreeaion ( 1 9.) we may dediuie the biteniity proper to any alti- 
tude from two observatiwu^ as by Bovoubr*s method. 
Let 8| 02 be the appacent aenith distances ; 
J tf, 1 6^ the corresponding refractions ; 

1] f, the corresponding intensities of transmitted light observed. 
By eq. (19.) 

log- - log- = H 1^^,- - ^-Q^ j , 

log*: — log — = log is known from observation. Let it = R : 

•i H *i 

* M^c. Q€L.. IV. 283. 

t BaodfkmliiftHUM aouiiagsbmu ViuulomaffanDierpiitflf fhup^^ IiidieiCtenIi}iieCaate 
Bbnppowd K I.aBddiKtlettaritandtodniotewlMtwelHEraaMd 1*1 for, tetber on. 
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^-^{^-^y w 

Abo by eq. (19.) 

IoffE«logi, + H4?L^ (2,,) 

whence the intenMty without the atmosphere becomes known. 
For any other xenith distance 6., 

log^ = logE-H.^^ (a2.) 

44. X. This expression fjails at the zenith ; but for atl considerable elevations 
above the horiaon the thicknesses of air traversed are as the secant* of the senith di- 
stances, and conseqnently the logarithm of the loss of light is in the same proportion. 
(See eq. (1.) p. 227) IT [i] represent the inlensity after a vertical tiansmiisioa, and 
ii that at an elevation of 46% 

•og^:log^= I:8ec45', 

'og^ = \/^ log^ . ...... (23.) 

£ 

For instance, Booovsa's result for a vertical transmission, ^ is '8128. Substitatios 

this in eq. (23.) the intctisity at alt. 45° would be found ; and for any other elevation 
the logarithm of tho intensity compared to E would be found to be proportional to 
the refraction divided by the sine of the apparent zenith distance. From what has 
just been said, the atmospheric masses* intercepted are in the same proportion as the 
logarithms of the intenrities. Thus, let and ju,^ be the masses of air travetsed at 
45* of devation and at any other angle : 

Taking the value of the refraction from Ivory's latest Table*, 

58''-36 ««- 

For enunple, at the horiaon, where = 2073", tiie thickness 9X the aenith being 
unity, and therefore that at 45* = v^2, 

2072" 

45. The other tliicknesscs are computed (always with reference to the perpendicular 
mass of the atmo!^pher^) in the following Table: 1. by the approximate law of the 
secants ; 2. by Laplacb** analogy ; 8. from Bouousa's Table contained in his 'Optics,' 
which it will be seen scarcely differs from Laplace's result at the horiaon. The first 

* niloMfiiedlViiiawlioiia, 1838. 
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coTnmn eontaiiu the zeidtb distance ; the second, its secant ; the third, the refraction • 

by Ivory's Table ; the fourth, the thickness l)v tbe formula -7, ,,. - ; the fifth, the 

corresponding mass of air in niiilimetres of mercury ; the sixth, the thickness by 
Boucubr's Table. 

Table of AtiDOSpberic Thtdcnesses corresponding to different £le?ations. 

[„ Refract ion "l 

" — 58''-;J6 X sinZ. D.J 



7 n 




HdsBBWHa 


It 


0 X <»w 




h ' 


1 0000 


"o-oo 


1-0000 


76C-0 


1 0000 


10 


i-oi:.4 


io-:iO 


I-01C4 


772-4 


i-oi:.3 


£0 






lOtiJl 


809-5 




30 


1-1547 


33-72 


1-1556 


878-2 


1-1547 


40 


1-3054 


48-99 


1-3060 


992-6 


i-3050 


oO 


1-5557 


69-52 


1-5550 


1181-7 


1-5561 


60 


2-0000 


100-85 


1-9954 


15)6-4 


1-9903 


70 


2-9238 


159-16 


2-9023 


2205-8 


2-8998 


76 


3-8G37 


214-70 


3-8087 


2894-7 


3-sn4fi 


77 30 


4-C202 


257-74 


4-5237 


3438-0 




80 


5-7588 


320-19 


5-5711 


4234 0 


5-5600 


82 30 


7-6613 


4IH-59 


7-2343 


5498-1 




85 


n'47a7 


593-96 


10-2165 


7762-7 


10-2002 


96 


14'3S96 


707-43 


l'J-1512 


9s!34-9 


12-1401 


S7 




866-76 


14'8783 


11303*0 


14-H765 


flS 


S»6537 




18'88»» 


14358-7 


19-0307 


89 


57-2987 


1466-8 


25-1S74 


19104-4 


25-H067 


90 


infinite 


2072- 


35'50»4 


S69B8'4 


35-495J 



Skctwn IV.— ^eopiotf i/tke/oUamng (AunaHom, 

46. In 1882 Sir John HanscHaL was good enough to direct my attention to the im- 
portant use which might be made of his aetinometers, to find the loss of solar radiation 
by simultaneous observations at the top and bottom of a mountain : and furnished 
with two instruments uiarited G. 7 and B. 2, whicit had formerly been used by Captain 
Foster in the arctic regions, I made very numerous observations in Switzerland and 
elsevbere that summer*. 

47. We have already seen that, npon certain postulates <sncb as the nniform opacity 
of the air), the diminution of the effect of solar radiation in passing through the atmo- 
sphere may be ascertained by observations at any station, at varying altitudes. But 
it is certainly very interest in to test and eonfirm this indirect result by simultaneous 
observations at different heights in the atmosphere. By this means too, the influence 
of the meteorological conditions of a colamn of air directly under experhnentmay be 
immediately ascertslned. Balloon observations would theoretically be the most satis- 
factory, but they appear to offer practical difficulties, in this ca.se nearly insuperable. 
Simaltaneous observations at the top and bottom of a high itiMilated mountain were 

* S«e Note A. at tbe cud of this paper on the Scale of tbe Actinonelm. 

NOCCCXLll. 2 I 
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therefore indicated by l%r John Hbmchu. as the moat proper for ''asoertaining 
the Mry w^miimt pcmt of the oomparative force <^ solar radiation at great and small 

elevations in the atmosphere*.* 

48. The difficulties in the way of such an attempt are greater than would at first 
sight appear, and probably will ever render satisfactorif observations of this kind very 
rare. Two practised and zealous observers must agree to devote a considerable 
time to the experiment ; for the assnranoe of fine weather to a degree that is very 
addom met with m moantunons regions, is the first essential. The sdeetion of a 
station elevated and insulated, and affording a permmerU shelter to await the op- 
portunity of makinc: tlio observation, and of making experiments continuously when 
it arrives, is of the hif^hest importance. At great heights on insulated mountains 
such stations are exceedingly rare indeed. The instruments employed must be 
rigorously compared, and the indications afterwards very carefoUy reduced. All 
these essentials were in a good measure united In the summer of 1882, and it will 
appear that I have not exaggerated the difficulties when I state that, among obser* 
vations made at infcrvuls for some weeks, thme of one day only seem suffTciently per- 
fect to yield consistent and trustworthy results-f". Considering tiie value ot tiiat 
day's observations, I have spared no pams in analyzing them as completely as pos- 
sible, Iwth for the sake of tlie condnnons they affiDrd, and also to point out for the 
enoooragement of future ohsenrers, how wdl really good obsmations repay the la- 
hour of a detailed reduction. In meteorology, the making of observations Is usually 
by far the least considerable part of the philosophers task. 

49, 1 was fortunate enough, not only to be provided with instruments and full in- 
structions by Sir John IIerschbl, but likewise to make tlie acquaintance of a most 
zealous and able coadjutor. Professor KAim of Halle, who was about to proceed fn>m 
Geneva (where we accidentally m^) to an elevated insulated summit in the Ober- 
land of Berne, called the Fanlliorn, for the purpose of prosecuting meteorological 
observations for some weeks. 1 explained my objects of investigation, and he ^Gene- 
rously otfered his best assistance, and soon acquired a knowledge of the instrument 
and its use. The month of September was the one he had selected. The Faulhorn 
is a hill or mountain, which Ues exactty between the valley of Grindelwald and the 
Lake of Brienta. It is perfectly insulated, and oomnmnding fine views in all direc- 
tions, It has been found worth while to erect a small inn upon the summit, inliabited 
during a short part of the summer, where travellers can be accommodated. Its height 
above the sea is 8747 English feet|. The barometer stands at 21| Enn;lish inches : 
consequently nearly one-third of the utiuosphcre was left below. The cotupuralive 
observations were chiefly made at Brienta, on the lake of that name, which has an 
devation of only 1908 English feet^, oonsequently 6844 feet below the Fanlhom: 
and the dilforenoe of barometers (which had been eompared and found aocnratdy to 

* Primtc letter of 5t)i Aupist 1832. t B. tttb* Hid of tiUt pqw. 

I UonuAS iu Bbcgibkbc Oragraphie; k 2666 metres. i Tralles. 
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9gree) w» liz inches and teven linei Firendi, or aboro tvna English inebet, being 
nearlf OM^Mkrtb «f the whole wrigfat of the atmoepben. It iras (o be expected 

tiien, that if the opacity of the atmoqibere fiw the beating rays at all approached the 

• estimate of Lambert, the difference would be very sensible indeed, especially when 
in consequence of the rays passing throngh the interposed stmtum of 6800 feet with 
a considerable obliquity, the resistance to their passage was magnified. 

50. The month of September was rather changeable and a laU of snow occnrred 
abont tlie middle of whioh aiecled so nnfiivonrably the state of the atmospiierie 
that, though apparently clear weather followed, the results deducible from the ob- 
servations were of the most anomalous kind. All the observations which the weather 
enabled us simultaneously to make at the top of the Faulbom and at Brientz, Grin- 
delwald, or other places in the neighbouring valleys, have been carefully and exactly 
reduced and computed ; bat it was not till near the close oi the month that the atmo- 
sphere appeared to settle into a pare and steady autumnal oonditioa. The a4th, 9Sth 
and 26th were brilliant and, so far as I observed, perfectly cloudless days. Tlie 2 1th 
I spent partly with Kamtz on the Fanlhom. In the course of the 25th the ob- 
servations were coruiniied from the morning till sunset hy M- Kamtz on tlie Faul- 
horn, and by iuyt^eli' at lirientz. To this series of comparative results the chief atten- 
tion will be drawn. Those on the Faulhom were made entirdy In the open ^r, 
those at Brients, until one o*clock inclustve, were made in a room, and afterwards in 
the open air, a disci-epancy not altogether favourable to thr wri tes. At every hour the 
state of the atinosphere was ascertained by the barometer, thermometer, and moist- 
ened bidb hygrometer at both stations, thus giving as accurate a knowledge as the 
circumstances permitted, of the state of the iutercepted column. 

51. It is endent that these obeerrations, immediately to be detidled, may be treated 
in three ways entirely distinct. The opuaHj of the atmosphere may be deduced from 
obscr%'ations at different hours at the upper station only, by Bououer's formula 
founded on tlie logarithmic lau- of the decrement of solar intensity; the observations 
at the /ojr(7- station give imlependenl data ; and finally, the direct determination of 
the loss of isolur heal in paiising from the upper to the lower station, by a comparison 
of the two instmments, yidds a distinct resnlt exdusively derived from the action of 
the lower strata of the atmosphere in absorbmg solar beat For this last pnrpoee 
then a rigorous comparison of the arbitrary scale of the two instruments is of the 
highest importance. The following ample series of experiments will show the degree 
of accuracy attainable in sach observations. 

Omquawm ^duiomHere* 

5S. The comparison of the arbitraiy scales of the twoactinometers marited B. 2. and 

G. 7, was obtained by making alternating sets of observations on the solar intensity 
with each. It has already been stated that the methcd of using the instrument is to 
expose it to the sun for a certain short time (say one minute), then to interpose a 

2i2 
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screeu between the nun and the uctiooineter, and observe tbe effect of all utber tn- 
flaences besides scdar radiation for an equal space of time; and soon aiteraaldyaab- 
cractiiig algebruoally tiie ahade-efl^ froin the sun-efliect, so as to get the total in- 
fluence of tbe lolar raya. An example irill make this dearer. 



Paris. — M. Aiugo's Magnetic Cabinet, June 10, 1833. 
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S3. Tbe following are the resolts of various series of observations amilarly con- 
ducted. 

* Redueed to !• btemL 



Digitized by Google 



IN PAMINO TBHOUOB THB ATHOSPHBRB. 



245 



Actinometer 13. & . 

B.8. . 
G.7.. 
3,9.. 



Oenevu, August 18, 1832. 

86-3. 

... 

26-3^ 



, S9^ «k8 ... 



lUlio. 
B. a. : G. 7. 



M74 
MSI 



• « ft * * ■ • 



2i-6 



II. Oencva, September 5. 1892. 
B. 2 18 0, 

G.7. ifrcl-iihe .... 

B.2 

G. 7.... 
B.S.... 

G. 7. . . . 

G.7.... 
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III. Faulhoro, September 24. 1832 (by M. Klmt). 
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17-2; 171 ; 17-7 Meim 17-83 Im-M .... 

83-8 ; 25-7 : 25-6 Mean 25-03 r 
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54. The mean of the whole, giving to each series its proper weight, is 1*154 ; bnt 
coDsidering the variations of the second, third* and fourth series, and the extremdj 
&vxninble dreonurtanoes and good agreement of tbe Mih, I prefer to adopt If aloi^ 
and aSBome for the fiictor of reductHm 0. 7> to B. 2 1*168*. 

Reduction to Jnten dLs of One Minute. 

55. In the instruction^ which Sir J. IIerschbi. had provided for me, it was observed 
that the velocity of heating or couilng might be noted for thirty seconds instead 
of one minute, and reduced to the standard nnit by doubling it. Bat this does not 
appear to be exact, and in order to compare observations made with thirty-second 
incervak with those made at sixty second intervals, a greater factor than 2 appesn 
to be necessary, for reasons not dilRcult to anticipnte. Whilst therefore I agree with 
the later instructions in preferring sixty-second intervals, it a usefui to have a factor 
for reduction'^'. 

56. Professor Kiirrs, by carefid and multiplied ohservations oo the actinometar B. 3. 
at the Faulhom, foond tbe rise in 15,80, and 60 seconds, to he proportionally 1,9*346, 

5*208 in the MS. notes with which lie supplied me, and which almost exactly coincides 
with what be has stated in bis work on Meteorology, vol. ili. p. 2 1 . Hence the ftctor 

5*208 

of redaction of thirty-second to sixty-second intervals is s which I have 

employed when necessary. 

57. The following Tables contain the meteorological observations on the 25th of 
September 1832. at Brientz and the Fauiboro, with the reductions necessary to render 
the results immediately applicable. 

68. Tbe observed times vrare nearly mean time at the phoe. They are reduced to 
iippareni timet which is used in all tbe calcuhtions and projections in which the acti- 
nometer is employed, on account of tiie facility which it aflbrds for the direct com- 
parison of observations at cqnal altitndes before and after noon. 

59. The barometers used were both on the syphon construction : that at the lower 
htation was divided on the old Swiss plan of French inches, lines, and 16ths with 
double readings. The npper barometer was divided into FVench lines and detmnala, 
and was reduced to xero, Rbavmou, by M. Klim, before commnnieating tbe read- 
ings to roe. I have reduced tbe other to the same temperature by mcBoa of its at- 
tached thei'mometer. Both barometers have been reduced into millimetres, which 
has been assumed as the standard of calculation (and 760 millimetres a« the mean 
atmospheric pressure) for reasons which I need not now specify. The barometers 
were compared on the 84tb of September and found to agree. Their index ermn, as 

* 'Die obircmttioiu'at Geneva (fint serie*), which are the hest of the others, show that tfao* is no ichm 
for believing Chat the instrumeBta bad changed in any way at the date of the fbinth Mlief. 

t Whew fegraeddentain^ otaemlioa hMbMa eilaid«l to »em^m MffeufefSve Hmnd*. aiiqilepB. 
portiaulcediMliiao will lie Mifideat, m duwa Ihom offlie emaplw dmdy qwied. 
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well as those of the thermometers (which are all by good makers), arc not recorded, 
but can hardly have an appreciable influence on any of the results about to be de- 
duced. 

60. The detached and moistened thermometera are reduced to Fabbsnrbit^b scale, 
and the alwoliite elastici^ of vapour in inches of mercury, as well as its hygrometric 
state relative to absolute satotation, are calculated firon Dr. Amohn's forniula and 
tables*. The formola is 

where t and are the readings (Fahbbnrbit) of the dcy and wetted thermometer; 
^ the maximum elasticity of vapours corresponding to H ; c" that corresponding to 
the dew-point; h the observed height of tlie barometer in English inches-|-. The 
hygrometric observations have considerable interest in themselves owing to the ex- 
traordinary dryness of the air at the upper station, — a dryness, it is believed, alto- 
gether anosoal even at that devalimi t bdng an etestidty of vapour at 71** ajs. €i only 
'088 inch at temperature 39^^ or ratio to saturation of -148. This diyness most be 
considered as one of the peculiarly fovonrable drcnmstances of the present experi* 
ment. 



Tablb a.— Meteorological Observations at Brienta, September 35, 1832. 
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. 1 


3 
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26 
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724-38 
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•414 
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723-43 


65-5 
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•386 
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3 


« 
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26 
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26 
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725-38 
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.IS 


4 


4f; 


26 




14-9 


726-25 


18-63 


722-76 


62-2 
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.'!*4 


■m 





* In order to obtain tolerably conaecntiTC reaulte, it was found necessary to project graphically both the dry 
and moist thermometer obecrratioiu, Noa. I. II. III. IV. Rite XVIII.. and to run currca freely umongat the 
points. The vuluca for the whole houn MB ttM obtrfaitd IB TiUm A. tod fi» tad the dutkitin «f npow 
for thoae hoots are thence computed. 
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Tablb B. — ^Meteorological Obflervations at the Fauthora, September 25, 1832. 
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61. The following Tal)les contain the ohservations with the aclinometcrs at each 
station ; those at the lower, made with the iusiriimrnt G. 7, are iiiade comparahle to 
those at the upper with the actinomuter B. 2, by the application of the constant foe- 
tor 1*16B already found. It has been already stated that the day was cloudless ; that 
the observations were made entirely in the open air at the Faulhom : those at Brientx 
were made in a room until one o*cloc1s, and afterwards in the open air. For the sake 
of brevity, the results ,only are given, and not the readings upon which they ate 
founded. 



Tablb C. — Aetinometer Observations at Brienta, September 35, 1839. 
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Tablb D. — Actinoroeter Observations at the F^ulhorn, September 25, 1832. 
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^ All in tlie open 



est, A« the observatioas above and below are nearly contemporaneous, we might 
readily enoogb proceed to eompare them directly. Bat I have thought it more eiaet, 
and also more instructive, to tabulate tbe meteorological and other data in the form 

of curves, and by graphical interpolation to obtain the desired quantities for the 
tfhole hours, by wliicli rriean«« the errors of observation, and also I oral and momentary 
atmospheric changes are in some measure eliminated, and a Ivmd of approximation 
made as to the mean condition, at any moment, of the naasi of air under experiment, 
6000 feet in thiclcneaa, with reapect to denaity, temperatarci, nioiatnre, and opacity. 
Tlie great advantages of this method will lie seen in the sequel. The curves numbered I. 
to XIV. in Plates XVIII. to XXI. represent this interpolation, the points of observation 
!>fing' always connected by straight lines, and then a curve drawn en'^ily thiotigh them. 
When reduced again to numbers, we have these regulated data cuutaiued iu the fol- 
lowing Table, from which are deduced, — lot, the intercepted mass of air ; 2nd, tbe 
mean temperature of the maaa of air; 3rd, its mean relative dampneas or ratio to 
saturations 4th, the loss of solar intensity in the passage of the rayafrmn the level 
of the upper to the lower station ; 5th, the ratio of the intensity at the upper to that 
at the lower station. This Table also contains, — 6th, the sun's apparent altitude for 
every hour of apparent time computed by tbe usual formula from the hour-angle, 
corrected for rcHnetion md fbr the change of dedinadon ; 7th, the approximate 
meaanre of the total mass of air traversed by the ray with the varying obliquity at 
each atatiim $ 8th, the difference of the two last determinations which gives the eflfec- 
tive mass interposed between the stations. These massea of air are aopposcd to vary 
as the secant of the zenith distance (see Art. 33.). 

MDCCCXUf. 2 K 
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Section V.— Analysis of the Observatiotis of the 2bth of September, 1832. 

6.'{. Looking first to tlie rf/^m/Z/o/ observations, or the comparative results of those 
at tlie two stations, we observe with re^spcct to the solar intensities at Bri( nt/ and 
the Faulhorn ah cuutuiued iu Table E, and us prujected iu Plate XXI., — 1st, that the 
intoui^at the higher station alirays exceeded that at the lower by a Tcry appredable 
qinntity, varying from nearly ten to nearly two degrees of the actinometer B. 2 ; 
2nd, that this loss, compart to the intensity at the higher station, vamd from jl^ 
or T^Yth of the total amount, to above I'/^th or one-fourth of the total amount ; .'Ini, 
that this relative lorn appears to have varied rather irregularly, having two maxima 
nearly equal at i I a.m. and 4| pm. 

64. If (without inquiring for the naoment into the cause and measnre of this varia- 
tion o{ efibct) we simply seek to deduce a mean valae for the <^iadty of the atmo- 
sphere Ibr the entire day of the 25th of September, 1832, we may do so in the follow- 
ing manner: — 

65. Let the intensity of the sun's rays at tlie uppi'r station he denoted by 1, ;ind 
let its varying value be v : then let x measure the mass of air traversed, measured by 
an equiponderant column in miDimetres of merenry ; further, let m be a constant. 
On the hypothesis of nniform opacity, 

•^dv^m.vdx (I.) 

dv J 
— — =: «0* 

V 

log~-sm«. (2.) 

Any number of snch observations bdng made giving corresponding values of v and 
X, by snmmation 

2 log^-smS^i 

whence 

«=-2r^» (3-) 

where m maybe a constant adapted to the tabular instead uf byperboUc logarithms. 

66. If the measure of opacity sought (which is that to which we shall generally 
refer) be the reridual intensi^ of tbe snn*s lays, after passn^ vertically through a 
mass of air whldi baUmco 760 millimetres of mercury, and if tins residual intensity 
be [vj, we shall have by (2.) 

1 ^^^^l 

**»«M~^xr><7^*^ (4.) 

67. If we wish to find the mean condition of the air traversed rehitively to con- 
tained moisture, we evidently must not take the mean bygioroetric resold but consi- 

2k2 
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der the proportion which the mu^Kf s nf air obliquely traversed, and having a certain 
mean dampness, bear to the bhortcr uues with a different dose of moisture. The 
average dampness of the whole maea of air penetrated will be 

\ of (iw jgje* cf wr x dwnimatflfeMh) 



turn of mmetofiir 

If t be the ratio to saturation at any hour, ^ the mean ratio required, and x ibt 
vaiying maw of air as before, we shall have 

».=^ (w 

68. The toilowuig 1 uble, resuming the results of Table E, contains these quantities. 

Table F, 2:.lh Sept. ls;{2. 
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The solution is 



»*«cij = 5S><7«0= 164831, 



= 1-4618I, 



[r] = 08418, 

Mean dampness of inter-1 
eepted colnmn Oj J 

69. Hence it appears that, on the hypothtns of w^onn cpmityf a Handard atmo- 
sphere cf 760^, or 29'93S EngUdt inches t^mtrcurlal pressure, and having a me«». 
dampness or rntio tn saturation represented ^'hQ nearly, would trunsmU 08;^ per vent., 
or stop 31 ^ per cent, nf the incident heating rays, an estimate wliich ajjrees nearly 
with the mean of the results of Bououer and Lambert, and mentioned above, and 
very doedy with the separate and indirect results obtained by Professor Kamtz alone 
on this very oeoanon*. This confirmation is interesting, perhaps unexpected, ai 
the present is I beliere the very first tj^vof meamrement of the kind. 

* Hi* otiiMtc » -SS, not dcdsMd bam flm d»f* ebwrratiaa* ilMie, hot from ■ 
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70- Let Ufl now examine the separate data which we have thus massed together. 
71. It is evident from the equations last written, that 

= m 

ought to be constant upon ttie hypothesis which we have provisionally adopted (tliat 
of uniform opacity and of uaifot aiity of nieteoroiogical conditions). If, however, we 
divide the nnmbers in column 3 of lUtle F by those in column 4 (as it done in co- 
lumn 5), we shall find wide differences for the value of a«. These may arise, — ist, 
from changes in the constant of opaci^ », wiiich may natarally anse from nteteo- 
rologica! variations ; 2ndly, from an error in the logarithmic hypothesis, which is 
founded on the physical supposition of a U>ss continually proportional to the intensity ; 
3rdly, from errors of observation. We &huli consider these causes in succession. 

79. I. The roost important meteorological dement is undoubtedly the dampness of 
the air ; {i»r we hnw that the formation of the sUghtest vidUe vapour instantly di- 
roinislics the solar intensity. We can hardly doubt that this action must depend 
upon the relative dampness of tho atmosphcrt-, that is, upon the portion of raoi^tmc 
existing, compared to what could exist without deposition in an equal space, arui not 
upon the absolute elasticity of the vapour : for it is plain that vapour of given elas- 
ticity would make a dense visible cloud at one temperature and might yet be com- 
patible with intense relative dryness at another. I have therefore taken particular 
pains in the redaction of the bygrometric observations, and the course of the pro- 
gress of dampness at Brientz and the Faulhom in curves V. and VI. is particularly 
worthy of ob<!ervation. At the former, the lower station, the dampness is f»Teatest in 
the morning and evening, and has a minimum between 1 and 2 p.m. At the upptr 
Station, on the contrary, the dampness increases almost continually from momio; till 
night. Hiob HmsIb are perfectiy normal*, and are readily explidned by the continual 
rise of the imperfectly condensed moisture which occupies the valleys of the Alps 
every fine night in summer, and !<? gradually exhaled into the upper atmosphere by 
the action of currents and the increasing warmth of the inferior strata,— a phenome- 
non from which arises (amongst other ejects) the very frequent formation, about 
noon in the finest weather, of clouds at a hdgbt of from 8 to 16000 feet, which again 
give way during the advance of evening as the vapour descends. 

78. The curve of mean dampness at both stations (VIL) exhibits a morning and 
affernonn maximum about 9 a.m. and 3 P.M., preceding somewhat the epoch? of 
iiKLxiinum loss of solar radiation already referred to. This is an important analogy, 
and an inspection of Curve VII. together with Curve XIV., which represents the loss 
of solar radiation in terms of the radiation at the upper station, will show a certain 
genera], though not a precise analogy. 

74. It cannot, however, be affirmed that these experiments are at all suHicient to 
show the Itind of dqiendence which the Opacity has upon the Bampness. The values 

* See Dotb'i jRfiiMrtiiriiim, it. 2fi4. 
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of m, which we may call llie voefficient of extinction^ do not pt ei^eut any correspond- 
enoe with the hygrometric variations. It is to be derired, however, that such curm 
should be extensively constmcted. 

75. II. It has been assumed that the mass of 9^r intercepted between Hrientz and 
the Faiilborn was equal to the differ-encesof thebaroiuetcr*; nuiltiplied into tlie secant 
of the zenith distance of the sun (Art. 33.). It does ruH appear, however, that the 
mtio of heat reaching the lower station, compared with ttiai at the upper one, varies 
in a geometrical progression when the tbickneases vary arithmetically. But we can 
hardly thence argue against the hypothesis of uniform praporHtmal extinction, be- 
cause the law of continuity is evidently not preserved. 

70. III. Are flie variations of in from hour to hour to be considered as merely the 
result of errors of observation ? I apprehend that in some measure they may fairly 
be so considered, especially as resulting from a slight discontinuity in the obser- 
vations at Brieutz bdbre and after one o'clock, the formw being made within dooi% 
the latter without} but the real analogy must evidently be of a somewhat compli- 
(.•ated kind. A narrow inspection of the actinometric curves XII. and XIII., will 
illustrate this. It is one of tfif admirable resulf« of i^rr\p!tirr\l analysis, that we seize 
the slightest symmetry in the form of fuactious which might otherwise appear very 
duisimilai*. 

77. Viewed generally, we observe in these cnrves,^4^, that they ^ffer from the 
common diurnal temperature curves (which approach more or less to the curve of 
sines) by drooping more mpidly at each extremity ; secondly, that both curves have 
a morning and afternoon inflection hefoi-c and after they attain their maximum ; 
thlrdhf, that theciirve of intensities at the upper station lies icIioUi/ abm-e the curve for 
the lower station ; fourthly , that the range of the former curve is greater than that of 
the latter ; fifthly, that the maximum is sooner attained in the former than in the latter 
case. 

78. Now the three geometrical ciiaracterlstics last mentioned, make it pkun that 
the law of the differences between the two curves must be a complex one. The ana- 
logy is very striking with the inquiry into tiie law of the deerement of temperature 
in the atmosphere at different hours and seasons, which I have fully considered in a 
paper in the Edinburgh lyansactlons*. I might, as in that case, reduce these curves 
to series of fbnctions of sines, and show that the dilferential curve, having generally 
the same form, would admit of various maxima and minima in the course of the 
(lay, but I apprehend that for a single day's observations the nnmericiil results could 
not have much value. I am quite confident, however, that the ^e peculiarities just 
mentioned of these curves will be found to be reproduced in every series made under 
equally fevonrable circumstances. If this be the casCf the seeming irregularities which 
we are considering will be resolved into the more geneml consideration of the ph]wieal 
causes of the form of the actinometric curves. I shall make a very few remarics on 
mch of the peculiarities above noticed. 

• Vol. ziv. p. 489. 
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79. First. Tbenpidialloftheactinometriccarvesisduelotheextreniei'apidity with 
which the leD^fth of path inctcasea as the sun approaches the horiaon. They differ from 
the curve of air temperature, because that is a slow and gradual result of oompficated 

actions; the coolness of evening is u conthiimiis result ; but the disappearance of (he 
sun under the horizon correspojids to ;in iii>>iaiit extinction of the force of radiation. 
Secondly. With respect to the points of contrar)' flexure which occur about two hours 
before and after their maximiim vataes, and which in both carves are slightly marked 
in the morning, and more intensely in the afternoon, they probably arise from the 
coiiibinalion of a two-fold effect of the sun's elevation. The one is the increased 
intt'nsity as the sun is hii^bcr, the other is tlic tiaiisfiTence of vapour fr«>nt the lower 
to the higher regions of tiie air by the lieatingof the lower strata, producing the inci- 
pient condensation at a certain elevation, already alluded to as the cause of the sligiit 
clouds wbidi often appear between ten and twelve o*eloek. As the sun*s power dimi> 
nishes, and the vapours redescend into the leas rarefied and warmer re|i;ions, they are 
in some degree rcdlssolved in the afternoon, and the increased transparent^ of the at' 
mospIitTc (wliicli will besides he aided by the jt^eneral maxitiiutii of the tetuppratitre of 
the air occurring in the plains t>et\veen two and three o'clock, and producing also a 
maximum of dryness there) checks the downwurd progress of the curve due to the 
Increadng obliquity of the rays, lliirdly. The cnrve at the upper station lies wholly ' 
above that at the lower station, on account of the absorption of heat in every case by 
the intercepted air. Fourthly, llie range at the higher station 'a greater than that 
at the lower. Tiiis is an evident and necessary consequence of the fact, that the max- 
imum above inus^t exceed the maximum Ijelow, and that at sunset and sunrise they 
must both pass through zero. It might be more correct, however, to consider the 
oiHttinuons part of the curve extending to the moment "b^m-e sunset from the moment 
after sunrise. In this case we might expect the difference of intensity at the two 
stations to increase very rapidly with the obliquity of the sun's rays, so that the two 
curves, instead of approaching one anotlier in tlie morning and evening as they ap- 
pear to do (Curves Xil. and XIII.), ought to separate further. It is to be recollected, 
however, that the extinction in any stratum varies with the intensity of the incident 
heat, and that being very small near the horison, the absolute extinctitm will be very 
small also. Nevertheless, the retaiive extinction may be very great, as appears from 
the form of the right-lumd firanch of Curve XIV. The morning branch does nut show 
the same effect, and this may be tluis e.\|)lained. The evening vapoin's are dense and 
absorptive; in the moruiiig tin- ;it!nosphere is comparatively clear, especialiv amongst 
mountains. To this circumstiiuce must be imputed the much more rapid tall of the 
Curves XII. and XIII. in thdr evening than thdr morning branch. But further, it 
will be shown presently that the law of uniformly regular extinction is not true, and 
that the loss in passing throngli a medium, is not only absolutely but relatively (to 
the intensity) greater at first than al'terwards: tliat when the thicknesses are very 
great, any additional thicltness intercepts but little of the radiant force} conse. 
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quently, neur the borizoD, a great thicknw of ataMMpbera having been tm?«ned by 
the nys which reach the upper station, even the obtiquHy of the passage to the 
iower station does not (unless the inferior strata be particularly loaded with vapours), 
cat off anything like a corresponding portion of solar heat, and a second eqoal mass 
wonld intercept still less. 

80. Fifthly, and lastly, the maxiuuira of intensity is sooner attained above than 
below. This arises, no doubt, mainly from the fact (amply confirmed by the hygro- 
metric carves), that the sun shines with a disproportionate intensity daring the 
morning on the upper station, owing to the mass of vapours being then in the valleys. 
The solar intensity will therefore attain an earlier maximum, since after ten or eleven 
o'clock a quantity of vapour rises (»et\veen the nppcr station and the limit of the nt- 
mu^ptieif, and therefore throws the maximum rather before uooa. In the plains, on 
the contrary, where the whole atmosphere is all day between the observer and tiie 
sun, the maximatn will incline towards the period of roaumnm dryness of the day, 
that is. It nuqr be an iMwr or half an hour after noon. Hie oirve of mean dampness 
VII., with its point of contrary flexure in the afternoon, entirely confirms this view, 
and the diurnal curve of temperature at Brientz, marked 1., shows both inflections in 
the clearest manner. 

81. From the comparison of the two curves of solar intensity, we have deduced 
the mean loss of heat intercepted between the two stations, and we have thence con- 
cluded that, on the hypothesis of uniform opacity, about fm«4hird of the solar heat 
is lost by vertical transmission through the atmosphere. It is interesting to compare 
this result M'ith that which is deducible from the individual observations at either 
station. In that mode of viewing the subject, it appears from Bougubr's reawn- 
ing (see Art. 7), that two observations ut different altitudes are, in point of n^om-, 
sufficient for dedudng the loss due to vertical transmission. If mora than two 
values have been got, they may be combined In two series of which the means 
are taken ; or they may be treated by the method of least squares^ which will give 
tiM' most probahli! resnlf. on the liypotliesis of the diminishing geometrical progres- 
jjion ot the intensities, it is more interesting and important, however, to employ the 
superfluity of observations in testing the accuracy of the assumed law, rather than in 
giving a merely illusory degree of precision to the results of a law which may be 
wrong. For this purpose I projected, by rectangular coordinates, the intmsitiea 
oljsei ved, the thicknesses of homogeneous air traversed (computed from the sun's 
altitude) being the horizontal coordinate or independent variable. On tlie hnr 
commonly assumed, the points thus determined ought to lie in a regular logarithmic 
ciu*ve, which being readily prolonged by geometry or by calculation, would give the 
intensity corresponding to thickness 0, or the degrees which the actioometer B. 3. 
would show if placed who^ hejfond the aima^tn. 

83. When the projection came to be made, I remarked, with tnuch interest and 
some surprise, the admirable agreement between the insulated obsei vatioos at both 
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Stations. Not only did the coitthntUjf of the hw which both series Mlowed prove the 
exftctness'of the reduction of intensities obtuned witii one instrament iDto degrees of 
the other, but what I have called unexpected, was the fact that an equal ordinate or 

intensity should be indicated fur a fuissage through an equal mass of air at both 
Stations. For that mass of air, it is to be observed, was very differently coiDposed in 
the two cases. On the Faulhorn, a very oblique transit through the rare air, superior 
to 8400 Aet, was requisite to give the same mass as a less oblique transit through the 
whole atmosphere, in order to arrive at the lower Station. It is very far from evident 
that an cqnal loss should take place in both cases : yet when the observations were 
projected in the form of Curve XV. Plate XXil., without rfp:ard to the station at 
which they were made, they were found to range perfectly well together, so that one 
and the same interpolating curve passed naturally and easily through either series, or 
through both. 

88. I first slcelched by the eye, and without respect to any theory, a curve which 

appeared to satisfy the observations of the 25th of September, which corve, it is to 
be observed, was to give the law of extinction of heat in the atmosphere, and by its 
arbitrary prolongation, to assign the solar inteni>ity beyond ttie atmosphere, and the 
absorption due to a vertical transmission. 

Sect. VI. — Qmeemmg the Law ExthwtHm. 

84. Many familiar facts connected with the extinction of heat and light in passing 
through media, some of which have been adverted to in the earlier part of this paper, 
render it very unlilceiy that the part of the solar rays which atiects the uctinomcter 
should suffer a uniform relative loss in the successive strata of air. Perhaps no 
medium whatever merdy exUnguishes light without colouring it, and if it colours it, 
the light, being first deprived of those portions or rays for which the medium in 
question is comparatively opake, will be more and more freely transmitted through 
similar successive obstacles. We have seen (Art. 13.) how Lambert established the 
law of tlie progressively-increasing diathermancy of successive plates of glass, a re- 
sult confirmed by Db Roche and Melloni : and as we have found that, notwith- 
standing the rarity of the atmosphere^ its resistance to the passage of even the soUr 
nya is considerable, it is a most probable thing that a similar lawshonld hold in that 
case. A very slight inspection indeed of Curve XV^. shows that it rises much faster 
than in a simple geometrical progression. What law will best satisfy the observa- 
tions ? and how far are we justified in pushing it beyond the limits of experience, as 
for instance, to the surface of the atmosphere ? 

85. The safest induction would appear to be by endeavouring to generalise the 
law exthutuM of heat in various media. But here we are met by peculiar diflieul« 
ties. A certain number of experiments have been made on the extinction of heat 
from terrestrial sources in passing through different thicknesses of media, such as 
glass, rock crystal, or water. I allude particularly to those made by M. Melloni, 

MDCCCXUI. 2 h 



Digrtized by Google 



358 PROFESSOR FORBES ON THE EXTINCTION OF THE SOLAR RATS 



at the suggestion of M. Bior, of which the latter has given an elaborate analysis*. 
N«w when the curves of intensity of tranamitted beat are projected in terms of the 
thickneiB of tbe transmitting medium, it appears that the rate of extinction is much 
more rapid at first, becomes continnally slower, and long before the curve has reached 
the axis, or the heat has been wholly absorbed, it nins parallel to the axis without 
ever approaching it ; in other words, it has an asymptote pai alle! to, but at a distance 
from the axis. This i'orre.'<|)oad!i to the physical fact, thul whi n heat has been uh eady 
transmitted through a great thickness of any medium, provided it be mechanically 
pare, an increase of thickness will prodace little or no extinction. 

86. Tbe cases of extinction which I haTe most narroirfy considered are those of 
lamp-beat, heat from incandescent platinum, and daik beat, through glass. These 
curves arc projected in Plate XXIV., the ordiiiatcs represent in i;; the intensities of heat 
transmitted at different thicknesses, the incident heat being unity, but which is re- 
duced to according to Mellonj, by reflection at the two bounding surfaces. 
The existence of an asymptote or final value of the transmitted heat in every one of 
these cases is abundantly evident, and this would be one of tbe constants (variable 
for difibrent media) which would determine the equations to the curves, which mij^ 
be expected to be of one spe<'ies. There is, however, the utmost difficulty in repre- 
senting these laws of extinction by one tolerably simple continuous form; and how- 
ever desirable it may be that such a form should be discovered, so tliat a portion of 
tbe system of onjinates bdng found, tbe remainder may be deduced, we must admit 
that there is little physical probability for its permanence. And for this reason : tbe in- 
cident rays may be imagined to be composed of a great, but definite number of poi^ 
tions of radiant matter of distinct qnalitit'S as regards the rate of extirRtion. We may 
suppose, for simplicity, that each individual homogeneous my (or congeries of similar 
rays) is extinguished according to the simple logarithmic law. But each ray lias its 
own modulus, or coefficient of extinction, which depends on two things, namely, tbe 
composition of the incident heat, and the specific nature of the medium, as regards 
each of the integral kinds of heat. Hence the inifiirl rate of extinction will depend 
almost entirely upon tbe portion of heat vei y e;i>ily extinsjnishuhic, which exists in the 
calorific beam, and not sensibly u|>on tiiose pershtent kinds of heat for u hidi tin- me- 
ditun in question is nearly diaphanous ; whilst at great thicknesses the former elus!» of 
rays bdng entirdy extinguished as to weattt, the latter class, namely, the more persistent 
ones, alone exercise any influence on the curve of extinction. Thus it appears, that 
since we have no dprmi method of discovering tbe composition of any mixed kind 
of heat from such a source as the sun, it must be hnjMf.K.vihlc to conclude with certainty 
the law of loss or extinction at xmall thicknesses. iVom obscrvatiotis of the law of ex- 
tinction ill greul thicknesses ; for they are not in point of fuel llie bunie rays which 
are undergoing extinction in tbe one case and in the other, and therefore the conti- 
nuity of tbe law cannot be assumed with any degree of certainty. The indication of 

* M6noim d« I'Aodraik dee Sdouei, torn. w. p. 498, Ike. Oninted b 1838). 
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the troft law cotUd only, in fiict, arise from the roinate residual quantity of tlie more 
extingttiihable raye existing at great thicknesses ; quantities so small that the law of 

their vai iation would be lost in the errors of observation. 

87- Tlu' ;inalog"y of the case of lij^^ht will |)(n h;\|)S illii^trati; flils important consider- 
ation. Sup|>uhe solar liq-ht to be incidi iit upon intensely w<\ ^^lass : at very minute 
thicknesses some part of every kind of light will, no duubt^ po^s through, but we know 
that the old veneered homogeneous glass transmits pure red light, even when it is 
very thin indeed. At still greater thicknesses only red light will be transmitted, and 
that with as great freedom, perhaps, as common window-glass permits the passage of 
white ligfht. The inteusity thoii of the red light, for which the glass is pt i fictly trans- 
parent, indicnte«i the rfsidtai/ constant (pi.mtity, towards which the tmnsinittcd licain 
continually approximateji, uud whicli is very fur from zero of intensity. But it is 
evident that however numerous and complete our observations upon the law of ab- 
sorption of light (without respect to colonr) might be at all but the least thickncMes 
of such red glass, it would be impossible to deduce from them alone the law of ex* 
tinction of all those kinds of lidit for which the mt'dinm in question is very nearly 
opake, as. for instance, the yLlluw or tlie blue, and lonsecjupntly it would be im- 
possible even tu uppruxiiuulc to the primitive intensity uf the compound incident 
beam. 

86L M.Biorr, in the memoir already referred to on M. M BLtoNfs experiments, is so 

sensible of these difficulties, that he has contented himself with arbitrarily dividing 
the incident heat into tliiee kinds or qualities as respects extinction, calculating by 
a separate law for each, and assuming tlie sum as the representation tif the trans- 
mitted heat ; a process by which, no doubt, almost any series of facts migiit be re- 
presented* and which therefore gives very little information as to the real law of ex- 
tinction. 

89. I have spent much labour on the same subject, of which it would be out of 
place here to detail the results. I have indeed obtained a form which contains only 
three constants, and Avhich expresses tolerably the law of extinction of lieat in solid 
media. But tbiii investigution satisfied me that where the medium is so very absorp- 
tive as most solids are, it is wholly impossible to deduce the form the curve near 
its origin, from the remoter portion of it. 

90. However desirable it might be to proceed by the direct analogy of media, for 
which we may ascertain the law of extinction, to that of the atmosphere, in which we 
can only ascertain it for certain considerable thicknesses, the circnmstances now de- 
tailed appear to render an investigation of :such generality entirely useless. In tlie 
diseunion of the Cnrve XV. 2 have thrown aside every other consideration, and 
attempted to obtain an empirical formula which shall satisfy the law of octinction 
within the very considerable limits of tl)ickness observed on the 25th of September, 
1 832, viz. from 827 millimetres to 2874 millimetres of mercury for the equiponderant 
column. 

2 L 2 
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91. A eanre, nearly approaching to that of Curve XV.» has been drawn thnNigh 
the points therein <ldin«l, whieh cnrve, as already stated, was drawn Ivy the 

without reference to any theory whatever. Tangents were niechanically drawn to 
this curve, and the rate of loss for a p'iven thickness was ascertained corrcspondint^ 
to equal increments of intensity, or for the parallels of 15, 20, 25, 30, db, 40, nod 45 
actinometric degrees. For convenience, the rate of loss was found corresponding to 
500 milUmetrea of mass of air in each casc^ and found to be 

«^0 9*6 I2"'8 15"7 18^, 
numbers nearly in arithmetical progression. 

92. The rate of loss in terms of the intensity is projected in Curve XVI., Plate 
XXIII., and an interpoluting straight line has been passed through the points. Now, 
were the loss everywhere proportional to the inteosity, which is the logarithmic law, 
the straight lino wonld have cut the axis whm the intensity = o, whereas the rate of 
loss vanishes when the intendty s 14^3 nearly, which indicates the limit towards 
which the intensity h rontinually tending, bdow which it cannot fall, and which is 
ooosequently the po«ition of the asymptote. The equation to this line is of the form 

X = a t' — f). 

where v is the intensity in actinometric degrees, und j being the rate of extinction for 
mu millimetre of thickness, a s -001224, & = 0 1 75032, whence the rate of exUnction 
for 500 millimetres has been computed. In order to be compared with the graphical 
results (of which the possible errors, as in every eaee of dmwing tangentSi are very 
sennble). 

RateofloaforSOO 
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93. Assuming the form of this approximation to be satisfactory (with a slight mo- 
diScation of the constants), we have for the value of the first diflferential coefficient 
of the equation to the Curve XV., 

dv . . . 

~ 75 

a V 



« = — •^log(o»— A) +c (6.) 
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Whence, if the rate of loss be projected in terms of the thickness, as in.Cnrve 

XVII., it ought to give the loganthmic curve, which it evidently approaches nearly. 

94. When jrasO^letvsVtbe intenaitjr in actinometric dsgrees exterior to the 
atmosphere, 

*=aH'«,ZT W 

When a9ssb,mv — ^,s = as,-^- is therefore the dis t ance from the horisontal axis 

to the asymptote. 

95. Dividing both nnmentor and denominator in equation (d.) by a, it becmnes 

I v-i 

« = -log — f (e.) 

• 

a 

which is the equation to a logarithmic oonre whose general ordinate is v — instead 

of ». This, therefore, is the form of the curve of extinction in Carve XV. 

96. For calculation, (the logaritlims b«ng hyperbolic, and • ^noting the base of 
that system) by equation 

= </> 

and any corresponding ordinates v and « bcang given, as wdl as the valnes of a and 
bf we may deduce the hdtial value or V in the foUowiog terms ; — 

and taidng 1 abular Logarithms, 

log (v - -j) = log (f - ^ ) + a J log I (A.) 

97. In the construction of the Curve XV., constants a little different from those 
above found have been used as expressing the mass of the observations rather better. 

The value of instead of 14°'3 has been assnmed at 15°-3. A line is drawn paralid 

to the axis of x at that ^stance, and a logarithmic curve constructed upon it, with 
thR value of m in equation (1.) Art. 7, which is the same as d log 1 of equation (A), 
equal to 

•00050708. 

The following onUnates have beoi thence compated. 

I or * in TBi l lhBri i f et aMVCWj. latauHy* w v in dagm 

0 ' 67*86 + 16'2 S8 ysVw 

500 S3-8 + 15*3 as 47'5 

1000 18-0 + 15-2 = 33-2 

1500 10-3 + J52 = 25-5 

3000 5-6 + 15-2 — 20-8 
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latnmtj, or » in da y of Aetbgawter B. 2. 



2500 

aooo 

infinite 



S'l + iVs = iVs 

17 + 15'2 = 16*9 
0-0 4- Ift'S = IfiH 



Hence, eupposing the approximation to the ioitial intensity of tbc solar beat to be 
sufficient, t!ie portion transmitted through an atmoephere balanced by 760 milliine* 
tre8 of mercury will be found to be 

s *534 of its whole amount. 

The value of Vis by no nitaits given as certain; it nay very probably be greater, 
even mncli greater tliiui has been assif^ricd, but it is very unlikely to be less. 

98. llonce, too, the absolute inten>ity of the solar ray has been vpiy much under- 
rated by all vv Titers. The portion vertically transmitted probably does not exceed a 
half, instead of being equal to tvo-tbirds or three-qnarten, as has generally been 
aoppoied. Bououm'a eetioMite for lig^t approaches nearest to it, but that was 
founded on the logarithnie law, which we have shown not to be applicable at least 
for heat. 

99. It may be interesting, however, before finally quitt'n;^ the observation? of the 
2otb of September, 1832, to inquire what results we should have deduced front them 
apon tlie old hypothens the intenai^ dfaniaishing in geometrical progression, and 
thus to render the obeervatioos directly omnparable with those of Bouovbm, LAUBsaff, 
Leslie, Kamtz, and Pol ii.lkt, that is, so far as I am aware, of every author who has 
published any determination of the opacity of the atmosphere, including Laplacb. 

100. Resuming the notation of Art. which we n«e<i to describe BofouEa's me- 
thod, where and v.^ are two inteusities exprei».seLl in actmomctric degrees, Xj and 
tbe corresponding atmospheric masses traversed expressed in niillinietres of mercury. 
By equation (3.) of that arthde* we find tbe value of the coeJBcient cf extmction 



And if [r] = the inteuiiity after a vertical transit through the atmosphere, tbe inten- 
sity beyond the atmosphere being = i, we have by equation (1.) of that article, 



When more than two vahie^^ of v and x are used we may divide them into two Series, 
and take the aritlmietical means of log v and x for each. 

101 . "Now a good deal depends ujwn the way in which these series are formed. Wc 
may combine tbe observations, so that the observations on the shortest atmospheric 
columns fomnngoie series shall be set i^ainst those of the longest columns in another. 
Thus the observatkma at Brienti alone fgnt tbe following results. 




log^ = WX 760. 
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BrieiUz. 





First Scriea. 








Second Series. 




Hour. 


V. 


jr. 




Hour. 


Log V. 


X. 




1 o9/y 








1 nvv 




9 


1-4065 


1529 




11 


1*4579 


1113 


3 


I'3838 


1529 




12 


118.'>7 


1073 


4 


1-2989 


2181 




1 


1^024 


nil 










2 


1-4409 


1242 


Sum. . . . 




10068 




Sum. . . . 


. 7 :i*-27H 


578^{ 


Mean. . . 


. 1-3313 


2014 




Mean . . , 


, . 11656 


1157 




Taking V 


= », M 


— 7602, m 


= -0001567 






V expressed iu actinometric degrees (B. 2.) 


= 44-35. 




















FintSeri«8. 








SeoNidBeriei. 




Hour. 




r. 




Hour. 


r. 


X. 




1 2601 


219/ 




10 


15250 


957 


H 


1-3892 


1601 




11 


1*5866 


857 


9 


1-4639 


1176 




13 


1-5717 


827 


3 


1-4698 


1178 




1 


1-5353 


857 


4 


1 -3802 


1683 




2 


1-5224 


958 


4* 


1-3304 


2214 












. . 8-2936 


9949 






7-7 ! 10 


4456 


Mean . . . 


. . 1-3823 


1658 




Mean . . . 


. . 1-5482 


891 



V = I, [if] = -6848, m = -0002163 

V expressed in actinometric degrees (B. 2.) = 55 07. 

102. We thus find that when the extreme observations of each scries arc employed, 
thr Faiilhorn obBcrvations give a g^reatcr intensity to tlic cxtra-atinospheric radiution, 
and con.scquently a greater coefficient of extinction to the atmosphere, because the part 
of Curve XV. corresponding to the least tbiduMiS lins proportionably ftflter than 
tbe other part. But both results give greatly Infierior extra-atmospheric radiation 
than the corrected hypothesis we have assumed s tbe first set gives 44°, the second 55**, 
the corrected hypothesis as much as 73° for the extra-atmospheric radiation. ■ 

10.'?. If w'c avoid extreme coliitiins and arrange tbe observations in alternating 
series so as to present a feeble but well-ascertained mean difference, we shall have 
resnlts somewhat ififiercnt, and more accordant at the two stations. These are con- 
tained in tbe following Tables, of which the first gives V = 48f nearly, the second 
47** nearly, the difference being in tbe same direction as before. 
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Brientz. 



ISntSanM. Seeond Serin. 



Knur. 


Log V. 


J. 


Hour. 


Log. V. 


X. 


9 


1-4065 


1529 


H 


1-3579 


1952 


11 


1-4379 


1113 


10 


1*4409 


1244 


1 


1'6024 


nil 


12 


1-4857 


1073 


3 


1'38S8 


1529 


2 


1-4409 


1242 


4* 


1*2005 


2874 


4 


1*9989 


2184 


finHfe 




8156 








Mean. . , 


. . 1'8920 


1681 


Mean. 


. . . 1*4049 


1539 




TtisingV 




= •7827, « = 


'0001409 






V in actiiMRiielric degnet « 4l*'75. 










Fauiliorn. 








First Series. 










Hour. 


Logi>. 


s. 


Hour. 


Log v. 


X. 


8i 


1-3892 


1501 


7i 


1-2601 


2197 


10 


1-5250 


957 


9 


1-4639 


1176 


12 


1-5717 


827 


11 


1*3866 


867 


2 


1*5224 


058 


1 


1*5358 


867 


4 


1*3802 


1683 


3 


1-4698 


1178 








4* 


1-3304 


3214 




. . 7*3836 


5926 






8479 


Mean. . . 


. . 1-4777 


1185 


Mean. 


... 1-4410 


1418 




Taking V 


= 1, M 


= 7544, m = 


-0001609 






V in actiiMMnetric degrees « 46°-60. 







104 Again, if we compare the whole observations at the EWfaem in one aeries witli 
the whole obeenrations at Brientz in another, we find 

MmnnliM of k|g V. M«m» valne«f «. 

Brients 1*8984 1586 

Faulhom 1*4577 1810 

from vbich we obtain, 

taking V s 1, [«] s •6867, 
agreeing (as might be expected) almost exactly with Che result of Art 69. p. 252^ 
where the samd quanti^ was deduced from the ai^rate aimultaneona obeerration*. 
Also we have 

m = •OO0215(> 

V in actinometric degrees = 54°-97. 
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Section VII, — Other Okscrvathm in 1832. 
1 05. The followiag mUcellaneous observations of the actinometer and other meteo- 
rological Uutrameiita were made dnraltaneonsty, or nearly so, at the Faulhoro by 
M. Kautx, Slid at variom inferior stations by myself in September 1 8SS. If they athrd 
no other immediate result, they at least show how unavailing snch obserraUons are 
unless made tindci- the most favourable ulrcumstanrcs with respect to weather. I 
shall offer but few remarks upon tlie.se Tables, which :it'ter what h;xs been satd explain 
tbeinselves sufficiently. I will add> however, that in point uf cure and continuity of 
obeervaUoD, theee obeervatimiBare in general equally worthy of confidence with those 
of the 26tb <^ Sefvteraber. 



TAiif.B Metcoroloi^iral Ofjserviitionf! at varion*: Station's, Soptf-mbfr- !83*i. 







UBt. 


Appa- 

Ume. 


BaraiftM«r, 




Barometer 


At. 
UrhMI 
Ibenn. 
CcDL 


■t«<>. 


Ur. 


Mu'M 








nan. 


Hcaum. 


In milli. 
BiHra*. 


tJi«rm. 
FjUtr. 


nr. 


OmM. 
rapour. 


IMatlT* 


New OrinddwaU 




U lu 
9 6 


h m 
t> 14 


in.Un.lS'". 
34 4 13 


#•4 




11-7 




4i-S 


4&-0 


#5 


•225t 


^-•76« 


Rnfifilmi 


S^tcmber 16 


19 IS 


IS 93 


S4 9 10 


12 G 




15-7 


6S3-69 


mi 




71 


■1»» 






IS SO 

10 44 

11 48 


19 98 

10 SS 

11 S6 


SS 1 4 
96 8 14 
86 8 11 


13- 3 

14- 8 
147 


679 S7 
793-8j 
793^48 


16-S 


677-57 
781-49 
790-96 


64-8 
67-0 
6SS 


S60 


8'S 


-374 






17 7 




18-4 


ss-o 


75 


•360 








11 IS 


11 S3 


SS S 7 


lO-S 


ess-ss 


187 


680-69 


<»« 


SS-5 


6-5 


■A39 


S-<70 




SepienberSn 


12 20 


13 2S 


25 2 7 


^9■n 


fi8t-S5 


Sir 


e79-U 


60-5 


54-3 


6-8 


•368 


1--699 




Septetiibtr 24 
September 


3 


3 13 


26 a 0 


17^J 


717-35 
7IS-S8 


818 


714 53 


M-n 


81-5 


fi-3 




^ = ro^ 


LaageiMM ...... 


n s 


11 10 


man 


lib 


IS-« 


; 10-24 1 


GO-i 


542 


6-2 


•365 






IS 1 


IS 9 


S6 10 14 


17-0 


7$5-43 


81^ 


758-48 


67-0 


68-8 


8-8 


-395 


g--599 



Tabli H.->-Meteoroleg{cal Observations on the Fralhorn, September 1833. 









App*. 






Ue- 
Udltd 
Ihcm. 
Bcaau. 


Mailt 


tactiad 
Ikmn. 
Vahf. 


MaM 


Dur. 


EiMtl. 








Maaa 

Unw. 


not 
bmo. 




tbenn. 
Rmub. 


them, 
rabr. 


eUfol 
Tapoiir. 




Vnr!horn.., 


September 16 


h m 
9 6 


h m 

» U 


lipet. 
943-47 


mm. 
549-23 


-S-0 


-8-5 


lS-5 


I?-4 


1-1 


iiKh. 

■1U9 




FftuliiorB... 


Septenber 16 


II 21 


11 2y 


24.'57D 


S49-9S 


-4H) 


— 5-S 


23-0 


20-3 


f-7 


■UI9 


1^ - -757 


FanUtora... 


September 17 


12 2a 


12 27 


1 


553-83 


+1-8 


OO 


34U 


^■i> 


2-9 


■175 


Ml ' * 


Faalhora... 


ScptwnberSS 


10 37 


10 45 


846-88 


556-91 


+3-0 


+1-9 


3«7 


34-6 


41 


-185 


i^ = -73l 






II IS 


II 90 


847-01 


567-81 


+3-1 


+8-8 


39-6 


369 


8-7 


-90t> 


5? - 801 






3 4 


3 18 


847-90 


557-64 


+3-8 


+9-6 


40-S 


37-8 


8-7 


•888 








11 3 


II 11 


946-43 


5S6-90 


+6-1 


+>■< 


4S-7 


351 


104 


134 




September 26 


12 


12 n 


'.'IC "I 




' 1 


- (V i 


ni 


.12 " 


11-2 


11-2 





HOOCOXUI. 2 M 
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PROFESSOR FORBES ON THE EXTINCTION OF THE SOLAR RAYS 



Curves XXI. and XXII. Plate XXV. show the relative inarch of the actinoineter 
at Grindelwald and the 1 auUtoru on the 23rd of September, during the latter part 
of which clouds appeared at the upper station which were not visible, or at least not 
observed* at the lower ; and the e^et on the inflection of the dioroal carve is the 
same as that noticed Art. 79, p. 355. 

106. Although these observations were never made except when the sun appeared 
to shine throu<^h a clear blue sky, the rate of extinction is enormously greater than 
in the formerly described more favourable circumstances. By selectiug the observa- 
tions directly comparable, and redndn^ them as in Art OS, I have foand an 
absorption equal to tkree^mirtks of tiie incident heat, the nean ratio to satarotion 
being '6717- But it most be confessed that no cvideat relation to the hygrometric 
condition of the air appears in the individual observations. 

SacnoN VIIL— Oftfemalioiw Mt 1841. 

107. These were made under vmy &r from Ikvoinable drenmstanoei at one station 
only, namely, on the lower glacier of the Aar, at an elevation of about 7000 feet above 

the sea. Although the sky was to appearance generally clear and of a deep blue da- 
ring the l oiitinuaiiee of these observations, the occasional formation of sliglit clouds, 
and the feeble lle^r^e^> of (h vness, considering the elevation, explains the compara- 
tively great opacity oi the atmosphere which we deduce from these observatioos. 
The instrument was a dilTerent one and partly on a diflbrent construction from those 
formerly nsed, and they have not been compared, consequently the actinometric 
degrees ai e not convertible into one another. It may be doubted whether the sur- 
face of a glacier is not a very bad position for such observations, owing to the stra- 
tum of moist air, which in summer must generally rest upon if during the heat of the 
day, and the glare from the adjoining mountains is an evil not wholly to be avoided. 
I must state, however, that namerous comparative experiments which I made on this 
occasion m^th the aotinometer and with hssLOt'n plioloroeter, con^nced me of the 
remarkable constancy and truth of the indications of the former. My immediate 
object was to verify a conjecture which I had published* respecting an anomaly in 
solar radiation described by Dr. Richardson in the arctic regions, as measured by 
the statical tliermometric effect. The uuuuialy was that the maximum occurred 
in April or May, instead of in June or July, as elsewhere s and the explanation I gave 
was that the disappearance of the snow fnun the earth's snrfisce la the month of May 
diminished the solar effect more than the sun's greater elevation increa.sed it. This 
was cuitH fued by finding the enormotat indications given by Leslie's photometer on 
the glacier of the Aar, at a time when tlie sun's rays were not pecnliarly intense, 
which I ascribed to the glittering reflection from the surface of the glacier, and from 
the amphitheatre of snowy moontains. When the inetmment was placed on a rock, 
or merely on a piece of black wax-cloth laid npon the snow, it sunk fai a very reouuik- 
able manner. The actinometer, on the other hand, when supported ok a small boi, 
so ns just to avoid contact with the snow, gave appreciably the same result in both 

situations, 

1 08. riie following are the most available meteorological observations made in 184 1 : 

* JAMnoM** EdiiilHii|^ N«v Phlloiophieal Jountl for 1S41. 
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PROFESSOR FOKBCS ON TU£ KXTiNCTION OP THE SULAK RAYS 



109. If we compare the lon^st with the shortest columns on the 13th of August, 
we obtain in the notation of Art. 100., tuking V = l , [v] - -6408, m = -0002549. 

V in degrees of actinometer S. 1. = 35''-22. 
And on the 14th of August, [r] = -5680, m = 0003232. 

V iu d^;rees of actinonietcr S. I. = 40°-87. 

110. These results are on tlip loguritlunic hypothesis. If, however, we projerf the 
observations, as wp have done those of the 25th of September, 1832, we find that 
they eunnot be represented by a simple geometrical progrebsiou. An interpolating 
curve, whiob will satisfy them sufficiently veil, is a logarithmic curv^ whose asym- 
ptote is cHstant 7*''9S actinometric degrees from the axis of ». The curve is repre- 
sented in PlateXXVI. Curve XXIII. The constants uf the enrvewtre derived by a 
j^niphiral process, as in the former case, tangents luiviiiij; been first drawn to the 
empirical eiirve, whence the followint;^ velocities of extiiictictn were deduced, which 
are compared witti a formula of the same foriri as in Art, (y3.), namely 

The values of a and h were deduced from the projeetion. Curve XXH'. in the sfime 
Plate, which gives 7°'-'^ f'>i' intensity when the rate of extinction is zero} and 

«==^'*^^lforl-ofthick««. 

&= 01396 J 

RmIb of Iom Cor 500 miUimctrcs. 
lateuiti'. ObMemd. Caiculatka. Difloeoee. 

95 W6 1704 +0*64 

30 lS-6 13*24 -O-M 

15 6-0 7*44 —0*56 

10 2-3 2-64 -f-0-34 

Whence the following points of the curve have been computed from forms similar (o 
those of ArC.96, y being hette 7'95. 



lUdbMH, or • is mQlimotrat ofiMnaiy. Inteiuity, or degrees of Actinometer S. L 

0 7074 -H 7-25 = 77 99 

500 25-51 + 7-25 = 3276 

1000 9-20 + 7'25 = 16-45 

1500 8*93 + 7*35 ss 10-57 

8000 I-30 + 7'S5s 8-45 

2500 0*43 + 7*26= 7-68 

111. Hence it appears that a general analogy holds with results of the 25th of Sep- 
tember 1832. It is even not improbable that the degrees of the two instruments do 
not greatly differ in value, and that tlie lower iudicatioas in ld41 are due solely to 
the greater opacity of the air, marked by the rapid decline of the curve, aud (as 
might be anticipated) the lower value of the limiting or final intennly. 
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Section IX. — Conclusions. 

1 12. On the whole, it appears from tlif facts and reasonings of this paper, — 

1. That the absorption of the solar l ays by the strata of air to which we have im- 
mediate access, is considerable in amount for even moderate thicknesses. 

2. Thttft the diunial curre of lolar intenBity has, even in its moat normal state, 
sevenal inflectionB, and that its cbaracter depends materially upon the elevation of 
tbe point of observation. 

3. That tlic approximations to tlie vahie of extra atmosphmc solar radiation, on 
tbe hypothesis of ageouictrical diiniiuiiicjii of intensity, are inaccurate. 

113. The coincidence found by M. Pouillbt (Art. 22.) between the logarithms of 
the intens^es and the thidEnesseii, luuy be aaoribed to bis having used a iS»rinttla 
which gives the greater thidcnesses sensibly too small, and thus makes an accidental 
compensation. Perhaps another accidental compensation may be found in the con* 
tinuity of the r'nrve XV. I have mentioned (Art. 82.) that I expected to find a 
different law for extinction in the higher and lower regions of the atmosphere. It 
may be that the greater purity of the air in tbe higher regions, and its great dryness, 
oonnterbalanoe the greater absorptive power which we have attrilinted (Art. 85.) to 
tbe first portions of an absorlring medium traversed fay light or beat. 

114. We further condade, — 

4. That the tendency to cibsorption through increasing thicknesses of air is a di- 
minishing; one. That in fact the absorption almost certainly reaches a limit, beyond 
which no further loss will take place by an increased thickness of similar atmospheric 
iDgtedients. That the residual heat (tested by the absorption into a blue liquor) may 
amount to from a half to a third of that which reaches the surface of the £^obe after 
a vertical transmission througli a clear atmosphere. 

5. That tlie law of absorption in a ch ar and dry atmosphere, equivalent to between 
one and four times the mass of air traversed vertically may be represented (within 
those limits) l)y an intensity diuiinishing in a geometrical progression, plus a constant 

quanticy, which is tbe limiting value already mentioned. Hence tbe amount of 
vertical transmission has always hitherto been greatly overrated, or the value of extra 

atmospheric solar radiation greatly underrated. 

6. Tfie value of extni atmospheric solar radiation upon the hypolliesis of the above 
law being generally true, is T-^" of the actinometer marked B. 2. 'I'he luiiiting raiue 
of the solar radiation, after pu%ii>iug through au mdtjiniu atmospheric thickness, is 1 a '2. 

7. The absorption in passing through a vertical atmosphere of 760 millimetres of 
roercuiy, is such as to reduce the incident heat from 1 to '534. 

8. The physical cause of this law of absorption appears to be the non- homogeneity 
of the incident rays of heat ; wliirh l)y parting with their more absorbable elements 
become continually more persistent in their character, as Lambert and otheri^ iiave 
shown to take place where plates of glass are interposed between a source of heat and 
a thermometer. 
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9. Traiting the observations on Bovoubr's hypothesis of an uniform ratio of extinc- 
tlon to the inCenrity of the ioddent fay, we obtain for the value of the vertieany 
trafuniitted share of solar beat in the entire atmosphere : — 

By the relative intensities at Brientz and the Faulhorn, Art. 69. . . -6842 
By tlie observations at the Faulhorn alone, 1st mrthod, Art. 101. . '6848 
By the oliservations at the Fauibom alone, 2nU luctbod, Art. 103. . 7^44 
By the obeervations at Brients alone, Ist method. Art. 101. .... 7603 
By the ohwrvations at Brients alone, 2iid method, Art. 108. . . 7627 

AoDmoNAL None. 

Noni A. — On the JhtohU Fahm ^the D^gne$ ^tke AeHiumelen ea^ioj/ei. 

Since writing thie pafier Sir Jomt HBaaciiBi^ to whom I eobmitted the rasnlts, has 
favoured me with the following information: — ' 

*• It happens very f rtnnatcly that as regards actinometer G, No. 7, I find a series 
of direct coraparisous ot this with my standard H, No. 8, which is that I employed 
to determine the parts of its scale in actines'' [see Art. 19. of this paper]. " The 
aerica in qnestilon was made March 15, 1828» and gave the results of alternate sets 
as fellows: — 



G. 7. 20-8 


H. 8. 21-3 


91*5 


Sl'6 


307 


31-9 


20-75 


210 


20-66 


10-9 




21-0 




Rejecting the last 21-3 



Whence it resnUa that the same fadiation iriiich raises G. by 309 parts would raise 
H. by 313 parts ; or 1 part of 0. 7* !• equivalent to s 1*019 parts of H. 8. 

■'Now the value of 1** of the scale of H. 8. 1 aseertained by an elaborate series of 

experiments under a sun as nearly vertical as the Cape latitude would allow, and in 
eminently favourable circuin8tanoefl» to be 6-093 actince; 80 that one part of G. 7. is 
equivalent to 6'209 actines.* 

In the preceding paper the indications of G. 7. have been reduced to those of B. 2. 
Assumed as a standard, it has been found (Art. 64.) that tlie fu^mt of rednctiOB fiir 
thersadBngsof G.7*totho8eof B.3. is I'lOa. Hence to invert the process or reduce 
B. 3. to G. 7* we must multiply by 

0-850; 
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mad to reduce the readiogs of B. 2. into " actiaes " we have the factor 0*856 X 6*209 
e= 5*315. 

The scale of " adinea * has been added to the margin of the Cum XV. Plate XXII. 
Intenrity of cxtnHitinospberic radiation, 

73" 06 B. 2. (Article 97.) - 388*4 actines. 
After vertical tramminion tbroogb tbe atmosphere, 

3^03 B. 2. = 207 4 actines. 
Residual iatensity after an indefinite transmission, 

15*2 B. 2. s 80*^ actines. 

NoTB B.—On Article 48. 

I have certainly not exrxg^^eratcd hci c the diffipulties in respect of weather. During 
the summer which has passtil sinci' the leaUing of this paper (1842), I have sedu- 
lously sought the opportunity of utakiug some additional actinometcr observations 
amougst the Alps, under the most fitvouraUe circamstances. But thoagh the season 
was, as every one knows, more than commonly fine;, I did not succeed in getting a 
single series of observations worth preserving, of the kind which I required. Ex- 
cepting^ about thsrr flavn in the end of June, and perhaps as many in the middle of 
August, tiie wlioie fiiiiutiicr prenented no unexceptionable weather, and on tiicse two 
occasions i was unavoidably prevented from making use of my instruments, of 
vhich I had taken two from England on purpose. One experiment which I dcnred 
to make was, to pash the observations to still greater thinness of atmosphere than 
conid be obtained at the Faulhorn so late as the month of September, and for this 
purpose I proposed to ascend the Cramont (8966 feet) soon after the summer solstice, 
and I actually did spend auhole (hiy wittiont result on tlie siinunit in the month of 
July. By making single observations throughout the greater part of a day, I pro- 
posed to push the experimental Curve XV. farther than bad yet been done. 

I also proposed another experiment which I recommend to fntore observers. I 
coaled the bulb of one actinometer with white paint. The comparative value of the 
scale of this and another naked or dark blue bulb, would di f> Mi(! upon the nature of 
the incident heat (see Art. 3.). With heat from terrestrial sources transmitted by most 
diatbermanous bodies, the colour uf the surface becotues more and more influential, 
as the heat has been drained of its more absorbable part. But it would be very in- 
teresting to verify the fact in the case of the solar nys pasring through air. For this 
purpose I proposed to compare the white and the dark actlnotni^ters at the top and 
at the bottom of a high mountain such as the Cramont, and I expected to And the 
disproportion least above and greatest below. 
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XV. Confrihutions to the Chemical History of Paliadium and Platinum. 
&/ RoBBRT Kamb» MM^ M.R.I.A. Communicated Fmancis Baily, Eiq., F.PJR^., 

^c, Sjc. ^c, 

BMcircd Febniuy 24.— Rwd Much 17. 184S. 

NoTVVITIls rANDING the attention which has been paid to the properties of the 
noble metals by the cbciQists who have made their compounds an object of study, 
their history is yet very fiir from the «tate of completeness, to wliich ■!> many depart- 
mente cS iiKMKanio ehemictiy have reoentty been brought. Hie reaeardies hitherto 
made have had fiir their objects generally, either the more direct or certain extfaclioii 
of the metal from the state of combination in which it naturally exists, or the exami- 
nation of some few com pounds, which were remarkable for their beauty or facility of 
production, or important from their applications. But the general tiistory of these 
metals lias as yet been but imperfectly studied, as may be seen by reference to the 
meagra account of thdr salts and other compounds, which even the most extended 
•yitemalle worica present. It is my object in this and in some subsequent papers, to 
examine specially into the composition and properties of the compounds of palladium, 
platinum, and gold, and to endeavour to ascertain how far they as^roe and in what 
they differ, as to the laws of combination to which these compounds ore subjected. 
As this paper may be considered bat as the commencement of this worlt, the general 
bearings <k which may change according to the progress of our knowledge, I shaH 
not attempt to g^ve to it any ^tematio form, or to arrange the bodies to lie described 
in any order or classification, except that all the compounds of the same metal will 
in each memoir be described together. 

It is my duty, at this moment, to express my sincere gratitude and tbuuks to the 
Council of the Royal Society, which most Icindly placed in my hands, for the purposes 
of these investigatiomi, a portion of the palladium that had been bequeathed to the 
Sodety by its illuslrious discoverer, to Iw used in the advancement of science. Should 
the results I liaye obtained, in endeavouring to extend and render more accurate our 
knowledge of the compounds of that remarkable metal, appear snch as to justify that 
appropriation, for which when made i feel I had little claim, 1 shall be fully rewarded 
for the time and labour they have required, and use my best efforts to extend ihem 
by subsequent researches. 
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Section I. — Palladium Comtounim. 

Oxides of Palladium. 

It has been long established that palladium combines with oxygen, at least in two 
proportions, forming the protoxide, whicli i« the basis of its ordinary salts, and the 
deutoxide, which appears to be analogous to the dcutoxide of platinum, and to react 
in many cases as an acid. To this last body I bave not bitlierto directed much at* 
tention, but some properties of the protoxide irtiicb I bave uotteed aj^tear not un- 
worthy of being described. 

The protoxide of palladium is best prepared by the decomposition of the protochlo- 
ride, by means of a solution of cnrl^ttiate of sudu in excess. The precipitate which 
first forms is light-coloured, but it soon beconiti> darker, carbonic acid gas is disen- 
gaged, and finally an ochrey bruwn powder foils, wbich» by drying, becomes daric 
brown. The precipitation is in this case by no means perfect, the liquor is coionred 
yeliow by traces of the metal dissolved, sdid the precipitate retains with obstinacy 
traces of the alkali, from which, however, it may lie freed by washing. 

When this substance is heated, it first evolves water and then oxygen, leaving a 
black powder, tu the nature of which I shall recur. By a very high temperature (full 
white tieat) it is totally reduced to the metallic state. 

The analyses of this bydrated oxide when first performed led to very irreooncHe- 
able results, owing to two circumstances,~-lst, that the oiide of palladium is by no 
means so easily reduced to the metallic state by the mere agency of heat as has been 
supposed : and 2nd, that although the precipitation of the hydratcd oxide is accom- 
panied with the disengagement of much carbonic acid, yet the precipitate always 
contains some traces of that acid ; it effervesces very distinctly when dissolved in 
dilute muriatic acid, and is in foot a highly basic carbonate of palladium, rather than 
a true bydrated protoxide. The following details of the experimmts made as to its 
composition, will place these circumstances in evidence. 

A. 53"52'1 jrraiii'^ of a spccitnen which had hrcn carefully washed until tlie liquors 
ceased to react uikaiine, were gently heated over the flame of a spirit-lamp, until no 
more traces of water were evolved. The residue, a jet black powder, of anhydrous 
<ncide, weighed 45*824 grains, or 64'49 per cent., having lost 15*51, apparently only 
water. 

B. 4 1-102 grains of another portion, similarly treated, gave a dry residue of 34*512 
grains, or 83 96 per cent. This wns then heated to fuU redness, and when cold 
weighed 31-779 grains, or 77-32 per cent. 

C. 72*481 grains of a specimen prepared at another time gave, when dri^ until 
the hist traces of water bad been driven off, a black powder weighing 61*841 grains, 
or 84*49 per cent., and at exposure to a red heat was reduced to 56*131 grmns, or 
77'45 per cent. 

D. 56*5/8 grains of a different specimen gave when dried 48*306 grains, or 85*98 
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per cent., having lost 14 62 of water. By a red heat it gave off oxygen, and was re- 
duced to 44*846 grains, or 79"^ per eent. 
These reeaJts placed together for comparison give, — 

A B. C. D. 

Expelled by a moderate heat . . 15-61 16*04 I5'5I 14-62 

Expelled by a red heat .... 1 6 64 7 04 6 95 

Residoal black powder. . . J 77*32 77*4S 79'43 

The naterial (6. to 7 per oeot.) expelled by a red heat is oxygen gas, but I finmd» 

by trials conducted after the above results were obtuoed, that neither is all the ma- 
terial oxpollt fi l)y a moderate heat merely water, nor is the residual black powder 

metallic palladium. 

E. To determine the nature of the biu^k powder which remains after the moderate 
ignition of the oxide, $1-346 grains of it were introduced into a tube of Bohemian 
glass, and heated in a current of dry hydrogen gas ; it became of itself brightly red- 
hot, water was abundantly, almost explosively formed, and the powder assumed at 

once a gray nietallir aspecr. It tlieii woigfied J" 165 grains, or 9I B5 per cent. 

F. To control this result anotlu'r portion of the black powder, obtained from a 
diiTerent portion of oxide, was heated in the same way in hydrogen gas. From 46*300 
grains there remained 42*963 gnuns of metal, or 9272 per cent. 

The quantity of oxygen thus shown to be combined irith the metal in this black 
powder is almost exactly hal f that whlrh the protoxide should contain. It most there- 
fore be ooiisidert'ci as suhoxtdt' of palladium, at least provided it lie not a mixture of 
metal and protoxide, which shall be discussed further on. 1 shall here only compare 
the experiineiual rei^ultji with those given by the formula Pd^^ CI for its composition. 

Tlwoij. SzperiiiMat. 
Pd2= 106-6 98*02 91-85 92/2 

O = 8*0 6*98 8*15 7*28 

114-6 lOOOO 100-00 10000 

The mean quantity of black suboxide obtained by the moderate if»'nition of the 
hydrated oxide as already found, is 7s*"07, and this is sliown by the latter ex|)erHneuts 
to cuutaiii 72*60 of metal ; excluding therefore for the uiomeDt,the question whether 
anything but water is first driven off, we find that the oadde of paHadinm may be ob- 
tsined anhydrous, that by gentle ignition it abandons one-half of its oxygen and 
leaves a black powder, suboxide, which may be totally reduced to the metallic state 
by violent ignition or by hydrogen ^as, at incipient redness. 

The mean quantity of suboxide furnished from 100 of dry protoxide, in the above 
described three analyses, may be thus compared with theory: — 

Tlieory. Experiment. — Mevi of B, C, D. 

Pd20= 114-6 93-47 78-07 9227 

0= 8-0 6-53 6-54 773 



122*6 100*00 64*61 100*00 
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Tbe analysis D alone gives a ratult much more cknely approadinatiDg lo tlieiMy : 
by it there is 

Pdj O 7{>"43, or 93-03 
O 5-95, or 6-97 

86-38 1 0000 

As there were many circumstances which led me to consider it unlikely that the 
15'42, the mean quantity of material expelled from tbe hydrated oxide by a moderate 
beat, could be entirely water, I determined tbe real qtiantity of water present in the 
following manner. The snbstance was pbced in a tube oi Bohemian gbiss, wbieh at 
one end was pat in connection with au upparatns evolving dry hydrogen gas, and at 
the other extremity was adapted to a tube containing i*ecently fused chloride of cal- 
cium. When the ap|jarfitn>; had been completely filled with hydrogen, the tnlie con- 
taining tlie oxide of paliadiuui waa heated by means of charcoal. Water was evolved 
and the metal reduced. Tbe current of gas was continued until all water bad been 
carried into tbe chloride of caldum tube, and tbe weights were then determined. 
It was found that fi-om 45*637 grains of the hydrated oxide, there were obtained 
33'532 grains of metal, and 1 1 "298 grains of water, giving 73"95 for the former, 
and 24*74 for the latter per cent., but of this 2 1-7 1, there were formed 12' 19 by means 
of 11*10 of oxygen which had been combined with tbe metal, and tbe water of bydra- 
tion amoanted therefore to bnt 13^ per cent. 

The diference between tbe total volatile matter and the water (3'17 per cent.), 
may be certainly considered us carbonic add, from tbe circnmstanoes under which 
the substance is prepared, and from the foct that it in all cases eflervesces slightly 
when dissolved in muriatic acid. 

W^e may sum up, therefore, tlic composition of this true basic carbonate of palla- 
dium as follows : — 

Utit Bxpnkieiit. Ment of A. B. C, D. 



FsUadium . . 73*95 7'i-OO 

Oxypen . . . 10*63 11-98 

Water. . . . 12**25| ,^.^3 
Carbonic acid . 3* 1 7 J 

J 00*00 100 (H) 

The formula deducible from these results is lO.PdO + COj+ 10.HO,wbicb gives 

tbe following numeriral re<:iilt : — 

Ten atoms ot palladium .... 533*0 73*52 

Tea atoms of oxygen .... 80 0 1 1 *04 

Ten atoms of water 90'0 13*41 

One atom of carbonic acid . . . 1^3*0 3*03 

736-0 100-00 
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It is not impossilile but this body nmy be in reality a mixture of a le^ basic carbonate, 
with the trae hydrated oxid«, bat I consider that the remailcable oonstaDcy ofcompo- 
aition, indicated by ao ooany specimens, prepared at dilferait times, giving resnlts so 

closely coinciding, argues very strongly in favour of its definite nature. It occurred to 
me also that the content in carbonic acid might arise from the presence of carbonatt- of 
soda, but I satisfied myself that althonj^h it is verydiflTjcult to obtain specimenswhich do 
not after ignition yield traces of alkali, yet it i«i never present in sucli quantity as could 
give the alrave results, when thefresbly precipitated sahslancelias been properiywashed. 

The properties of the snlMSxide of palladium, now first definitely found, are not 
very distinct. The existence of this suboxiile had been long suspected, especially 
from the fact, that by heating to dull rtdncas in contact with air, metallic palladiutn 
becomes colonn-d hluc or ^reen on the surface, which colours are removed by violent 
ignition. Bkk/klii » luund, however, that this colouring was not attended with any 
increase of weight, which arises, however, from the minute quantity of oxide formed, 
the colours bein|^ those of thin plates ; but there can be now no doubt but that for- 
mation of suboxide docs so occur. That the black powder which is left by the dull 
ignition of the basic carl)onatp is ix-ally a definite compound, is stronc:ly supported 
by the fact of the accuracy with which the decomposition stops at its formation, and 
by the analogy of the subchlortde, to be hereafter described, it gains additional force. 
Yet I have mn been able to combine in any way this subojdde with acids. By con- 
tact with then, it gives an ordinary salt of the protoxide and metal. It is possiUe, 
however, that in future trials I may be more successful. 

It is known that l)y the addition of a caustic fixeil alkali to a salt of palladium a 
precipitate is obtained, which redissolves in a great excess of the alkali. 'I'he preci- 
pitate is in this case a basic salt, not the hydrated oxide, and always contains traces 
of the alkali, from which it is with difiiculty freed by washing. The soluble alkaline 
compound cannot be obtained in a definite form by any process that I have as yet 
tried. By evaporation to dryness, the oxide separates anhydroos, and retuniag a 
small quantity of alkali. 

Wlien the basic eai bouate of palladium (hydrated oxide) is diflused through water 
of ammonia, it partially dissolves, giving a brown powder and a yellow-coloured 
liquor, which when evaporated dries down to a bright yellow deliquescent mass. 
When heated, this decomposes vrith slight deflagration and copious disengagement 
of gas, leavin<^ metallic palladium. The brown powder also contains amnionta,and 
when heated gives it oft' with water, and the metal is reduced. I can, however, at 
present only indicate the existence of these two bodies, as the analytical results which 
I have obtained respecting them arc too discordant to admit of my assigning any 
definite formnbe for their coostttation. The soluble compound I concdve to arise 
ftom the ammonia actbg on the carbonate, as it docs on any other palladium salt, 
and the insolulile to be the product of the ammonia on the oxide which IS present in 
excess. I reserve these bodies, therefore, as objects of future study. 
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CUirides of PaUadiuM. 

The properties of the ordinary prolochloride of paHadiiun have been for the noat part 
so fhlly described by those chemists that have previoasly oconpied themselves with tli« 

study of this metal, that I shall notice it bnt briefly. From a strong solution, it cry- 
stallizes in prismatic ni'cdles wliich are very f!('l!(iM("^e('nt. These cnstals were found 
to contain two atoms of water of crystallization, wliit ti they lose by agentle heat. 

The action of a higti temperature on protocliioride ut' palladium developes some 
frets of eonsiderable intorest It is not so reduced to the metallic state unless by 
very violent ignition, but jnst at a red heat it mells and begins to evolve chlorine!, 
which continues until it has parted with one-half of that which it contains. TliC 
liquefied mass which remains is a true salK;hloride» which is not further acted upon, 
anless the heat he very much iiicrea.'iecl. 
The following numerical results will render this decomposition evident: — 
A. 20*881 grains of the ciystallixed protochloride being carefoliy dried as long as 
tbey gave off any traces of watery vapour were found to have lost 5'247 grains, or 
i7'60 per cent. 

The dried nrass was heated until it had rompictely fused. It was then dull red. 
In this state it was foiuid to weigh 32 056 graios, having given off 2*5/7 gnuos of 
chlorine, or 8*63 per cent. 

This was next kept meited at a bright red heat until it appeared to cease giving 
off any gas. It then weighed 19*632 grains, having lost in addition 2-423 grains, or 
8*1 1 per cent, of chlorine. 

This residue was now fully ip:ntted with some carhnnate of ammonia, until the 
metallic palladium remaining appeared to be quite pure; tins tlien weighed 14*554 
grains, or 48*71 per cent., the quantity of chlorine abaudoned in thin final stage 
having been 5*078 grains^, or 1()'99 per cent. 

The quantity of pailadiom and the total quantity of chlorine and water, show that 
the salt in Its crystalline condition has the formula Pd CI + 2 H O, by which we have 



Tlieory. Eipcrimcnt. 

Palladium . . 53*3 49*95 48*71 
Chlorine . . 35*4 33*18 3373 
Water ... 18-0 16*87 17*56 

106-7 100*00 100 00 



The relation between the proportions of chlorine which were evolved at the ditfer- 
ent periods, were as 8*1 1, 8*63, and 16*09. I do not attach much importance to the 
two first being so nearly equal, but to the fact that the quantlly which was not ex- 
pelled by the heat was sensibly equal to half the total quantity in the salt. 

B. 58 'Jly grains of dried protocldoi ide wtre heated in a porcelain crucible to full 
redness, until it fused without any diiseugugement of gas. The i'<esiduai suhchloride 
weighed 47*782 grains, or 81*13 per cent. 
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C. 188*397 snuns were fined in a porcelain crucible and kept al a foil fed heat 
until all effervetcence from loss of chlorine ceaied. When cold it imglied 110*185 
grains, equivalent to 80*41 per pent. 

These results fully prove that the loss of chlorine whicli the protochloride under- 
goes when kept for some time fused at a full red heut, is perfectly de6nite ; and also 
that the loss represents one-half of the chlorine which the salt contains. Thu!^, 

by theory Pdj, = 106'6 produce Pdg = 106-6 
Cl,s 70-8 prodnce CI s 85*4 

177-4 1420 

or 80"05 per cent. The substance formed is a ti iic subcbloride analogous to calomel, 
or to subcbloride of copper, und its formula is Pdj CI. 

The fosed moss ohtalncd by the methods now described, is of a deep red brown 
colour, and highly crystalline in stmctare. Its powder is light red. It deliquesces 
rapidly, and becomes darlc-coloured from the separation of metallic palladium and 
the formation of protochloride. This change is effected altiiott instantly by contact 
with water, or solutions of sal-ammoniac, or iodide of potassiuiii, also by wafer of 
ammonia. It is, however, not all decomposed ; the quantity of metallic palladium 
iriiich separates, I have found to be but from one-fifth to one^ixth of that which the 
snbcfaloride contiuned. The Itqoor formed contains, therefore, both the subcbloride 
and the protodiloride dlnolved together. The action of reagents on this liquor, 
however, does not differ materially from that produced with solutions of the proto- 
chloride. The liqnor is much darker coloured than a solution of protochloride of 
the same strength bliuuld be, and is rendered turbid by dilution with more water. 
The first action of ammonia appears to be, the fiorroatioii of a white compound, which 
is however almost instantly bmken up into the pinkish aromonia<protochloride, and 
metallic palladium. 



In the double salts formed by the protochloride of palladium with the chlorides of 
the alkaline metals, I have found the similarity ot constitution so usual between the 
compounds of ammonium and potasshm to be violated. The donble chloride of 

paUadium and potassium has been folly shown by Brrzei.ii s to have the formula 
Pd.Cl + K.Cl, and not to contain any water of crystallization; but tlie double 
chloride of palladium and ammoniutn retains an atotn of water when crystallized. I 
examined a quantity of this salt which had formed long rectangular prisms of an 
olive colour with a rich bronie lustre. They were quite free from any foreign impu- 
rities. When heated, they yielded water, muriatic acid, sal-ammoniac, and left me- 
tallic palladium. 

By a very cautious application of heat the water may be completely expelled. 
From many experiments its quantity was found to be from 5*52 to 5*95 per cent., 
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and the midoat jialladiuiii wa> ascertained to be from a5*56 (o 35*97 in 100 of the 
crfitab. These nambera indicate the fbrmnia Pd CI + N H^.CI + H O, which givea 

Pd = &8'a a5*28 

CI2 = 70-8 46-8G 

NH^ = 180 * 11-91 

a= 90 5-95 



15 11 100*00 
If the salt were anhydrovis it should yielcl 37-51 per rent, of ntcfal. 
It is only in consequence of its difieriDg from the potassium salt that I deem tbie 
body worthy of notice here. 

Of the 0.1 i/chloride of Palladium. 

When a solution of chloride uf jjalkuliiim is partially piprifiitated by means of a 
solution of potash or of soda, care being taken that the nietaiiic cliloride hhall still 
be present in considerable excess, a dork brown powder is obtained, wliicb is a defi- 
nite oxydiloride of palladium. 

When dried in a stove at a temporatore of 1 30°, its propertlee are as followB : — if it 
he heated, it gives off water, and at a full red heat chlorine and oxygen, leaving' be- 
hind a mixture of subchioride, suboxide, and metal. It dissolves in dilute acids, 
giving^ a mixture of protochloride and an ordinary palladium salt of the acid used. 

its analysis was conducted as follows: — 

A. 40*639 grains fined with carlwnale of soda and the saline mass dissolved in 
water left 26*508 grains of palladinm, purely metallic, being equal to 09*80 per cent. 

The solution acidulated by nitric acid and precipitated by nitrate of silver, gave 
18*103 grains of chloride of silver, or 44-.'>5 percent., containing 10"99of chlorine. 

B. 67'543 grains of another specimen were heated over a spirit-lamp tis long as 
any watery vapour came olT, but nut so high aij to expel any traces of chlorine or 
oxygen. The dry mass which remained w^hed 59*077 grains, being 88*62 per cent. 
The loss of water had thus been 1 1*88 per cent. 

This dry residue was then vividly ignited and a lump of carbonate of ammonia in- 
troduced to favour the separation of the chlorine. The metallic palladittm which 
remained weighed 47'442 grains, or 70 )>:) per cent. 

These results lead to the formula Pd CI -j- 3 Pd O + 4 li O, which gives, — 

Thmy. Bipnimai t A. BntrimentB. 

4Fd=213'2 69-10 69*80 70*25 

3 0 = 24 0 777 

Cl= 35-4 11-47 10-99 

4H0= 30 0 11-66 11«88 

308-6 lOOOO 

It is therefore quite analogous to the ordinary oxychloride of copper. 
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Of the Ammonia-chlorides of Palladium. 

It is well known that on adding wator of ammonia to a solution of chloride of pal- 
ladiiun, a pink-coloured precipitate is produced, which by boiling dissolves, giving a 
lii'ownish yellow liquor, from which on cooling a crystalline yellow substance sepa- 
mtea. These two bodies bave tbe same per cent compositloii, expressed 1^ the formida 
Pd a + N Hj. Of this I need not detail any evidence,as it has been fidly established 
by tbe labonrs of Bshzblius, and quite recently by the experiments of Fchlino. 

By means of an excess of ammonia, the pink red precipitati' \i'hich first forms may 
be totally redissolved, giving a colourlcs!? solution, from wliic h by evaporation, a salt 
is deposited un cuuling, iu culuutletis rectangular prisms. The existence of this salt 
has been long known* and as its analysis has been recently published by FfeauKo, 
I need not detail any of my own experimental results, which fully coincide with hi*. 
The formula of this body is Pd CI + 2 N IIj + H O, or rationally, according to the 
principles I have elsewhere laid down for the copper salts, N . CI + Pd O . N H^. 
When gently lieated it evolves water and anuaonia, and leaves the yellow substance 
Pd CI + N ilj- i he same decomposition may be effected by evaporating its solu- 
tion to diyness, in which case the yellow salt generally crystallises in cubes. Were 
it not faasardons to draw any inference with rc^rd to the isonKNplusm of bodies be- 
lon^ng to flu regular system, I should notice this feet as illustrative of the equiva- 
lency of IM ( M . N H., with K. By a very cautious application of beat to the ooloup- 
less crystallized salt, some water may be expelled before the ammonia begins to como 
utl, but I have never succeeded in rendering it quite anhydrous. It however partially 
assumes the formula N H4 . CI + Pd . N H|, to which we shall find the ammonia- 
sulphate of paUadlum to present an eqairalent. 

\\\ tlie action of solutions of caustic potash on solutions of these ammonia-chloride!) 
of pidladium, a variety of products are formed, according the proportions enij)loye(l 
and the rireiimstances of temperature. For the complete investigation of these bo- 
dies I liave not yet accumulated materials, but the results which have been already 
obtuned are not without interest as indicative of the analogies of palladium to other 
metals whose laws of combination are better known. I shall conseqnently describe 
those substances I lia\ e as yet examined, although I intend to resume and extend 
their investigation before long. 

A. When tbe pink -red precipitate is boiled with a large quantity of water it dis- 
solves, and on cooling but little iti the isomeric yellow salt crystallises out. On adding 
to the browmsh yellow liquor so obtained a solution of caustic potash not in excess, 

a yellowish precipitate falls, which by boiling becomes brown red, and distinctly 
crvstalline. If the pink red substance (PdCI -f NH,) be dissolved in the hot water 
without much boiling, there is generally no precipitate on adding the caustic potash, 
and the solution is merely yellow, not brownish coloured. It appears necessary 
that, by the boiling, partial decomposition shoidd occur, and some ammonia be ex- 

2o3 
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pelled to bring the liquor to the state suitable for the action of the raustic potash. 
This may also be effected by adding to the tsolution of tlie umiuoiiiu-chloride some 
solntion of proUM^Ioride of palliidiaiD, so as to hate in lolDtion apparently a sub- 
stance containing Pd CI + Pd CI . N H^^ wbicfa is not known in the solid form. 

The yellow precipitate which first falls is the ordinary crystalline body PdCl+ N H,, 
but by boiling in tlie liquor from which it has separated, its nature is conipletely 
chang^ed. The properties of the ctystalline brown red stibsiatu e thtri produtt-d arc, 
that it dissolves readily in muriatic acid, and gives by heat, sal-ammoniac, nitrogen 
and water, and leaves metallic paliadiam. Its composition was determined by ana- 
lysis to be as follows: — 

I. ! 4*601 grains baviRglieen ignited to perfect fusion with carbonate of soda, gave, 
when the saline material was dissolved in water, 8*072 grains of palladium, or 5j>*2& 
per CLiit. 

Tbesolution acidulated with nitric acid audprecipitated bynitrateofsilver,gavcl4'802 
grains of chloride of silver, equivalent to 101*4 per cent., containing '25*03 of chlorine. 

II. 7*964 grains of sutntance gave, by the method pursued in similar instances, 
3*3907 onbio inches of nitrogen, at Mandard temperature and pressure. These weigh 

1 080 grains, equal to 13*64 per cent. 

III. 9'2.'?1 j^'*"'"'' of substance having been mixed with dry carbonate of soda, were 
introduced into a tube of Bohemian glass, and some pieces of platina foil being inter- 
posed, abont four inches of the tube in front of the mixture were filled with oxide of 
copper. To this apparatus was adapted a tube containing recently fused chloride of 
calcium, and the whole being disposed and heated exactly as for an organic analysis, 
it yielded '3**2 1*2 grains of uattr, heiiig 'M-7>^ percent., containing^ of hytI^<^!^t'n 

After tliis operation, the tube l)eiiig tut hy a tile, that portion of it which contained 
the haline mass was digested with dilute nitric acid, and the metallic palladium col- 
lected on a filter. It wdgbed 5* 170 grains, or 56*09 per cent. 

The solution treated in the usual way gave 9*337 of chloride of silver, or 101 S per 
cent., containing *24-9*2 of chlorine. 

The summary of these results is 

I. II. Ut. 

Palbidium .... 65*38 56*02 

Nitrogen 13*64 

Hydroiren .... 3-85 

Chlorine 26*03 24-92 

The deficiency in the sum of the preceding results being counted as oxygen, tliese 

numt»ers lead to the formula Pd, CIg O N, H„ which gives 

3 . Pd = 159-9 55*20 

2.Ci = 70-8 24-44 

O = 8 0 '2 7«; 

9 . H = 9 0 3 iU 

S.Nas 42*0 14*60 

289-7 100-00 
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This body may be considered as a compoand of ammonin-chloride with anunoiiia- 
oxidc of pallailiiiin, thus 2 (Pd CI . N IT,) -f I^'l • ^* Hji 'ts origin explained, 
by an atom of potash producing with tlircf atoms of ainmonia-chloride, it and chlo- 
ride of potassiuar, for 3 (Pd C( . N H^,) aud K C> give Pd^ CI, O N3 li, and K CI. I 
shall, bowever, return to the notice of ita ratioaal. oonstitodon wben the next aab^ 
stance has been described. 



B. When the same kind of pailadiiun liquid from wliicli the brown led substance 
last noticed is prepared, is heated with uii excess of solution of caustic potash in the 
cold, a whitish powder foils, which on drying, even by a very gentle heat, becomes 
dark olive-coloured. If it be boiled its colour changes to yellow, and is then found 
to be identical with the yetlow crystalline body (Pd CI . N Hj) which ntakesits ap> 
pearance under such various circtirnstancos. This olive-cohjurid substance when 
heated evolves water and vapours of sal-autmoniac, leaving metallic palladtam. Its 
analysis gave the following results : — 

13*224 gnuns gave, by fusion with earbooale ni soda and deeompmitloB by nitrate 
of silver, in the usual manner, 8*243 grains of metallic palladium, equivalent to ^'43 
per cent., and 5*939 grains of chloride of silver, being 48*48 per cmt., contiuning 
ir96 per cent, of cidorine. 

12-1 13 grains, heated with oxide of copper as for an organic analysis, gave 2*423 
of water, being 20 03 per cent., coatainiug 2*22 per cent, of hydrogen. 

Hence the formaU expressing the composition of this body appears to be 
Pd4 CI N Of H«, the numbers being 

Theory. 



Pd, 


as 213*2 


67*34 


CI 


= 35*4 


11*18 


N 


= 140 


4*43 


o« 


= 480 


16*16 




= 6*0 






316-6 


1 00*00 



67-13 
11-96 

18*39 

2*33 

10000 

I regret very much that the quantity of tliis substance at my disposal di(! not allow 
uie to make a distinct nitrogen determination at the time of the above analyses, and 
the difficulty of procuring «ther this or the preceding (A. red brown) body quite 
free from the crystalthM yellow substance being very great, I have not had a subse- 
quent opportunity. I shall however return to it, altliough I consider the arguments 
which might be brought forward in favour of the formula just now given to be very 
deceive for its reception; indeed no other fornuila that can reasonably explain the 
circumstances of the production of this body agrees with the numerical results of its 
analysis. 
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TbU empirical formula assumes more interest wben rationally expressed : it be- 
comes jPd CI + 3 Fd O + N H3 + 3 H O. It therefora oonsisto of the ordiiuuy 
oxycbloride, with an atom of ammonia in place of one atom of its water of bydra^ 
tion, or it may be written Pd CI . N H3 + 3 (Pd O . H O), being a compoand of 

ammonia-chloride and Iiydratcd oxide. Rut it is more consonant to anMlo<ry to con- 
sider it as containing a metallic amididc, and its formula is then written Pd CI 
-I- 'i- Pd U 4- Pd .N -f 4 11 O. it is tbus tbe perfect analogue to the yellow 
powder produced by the action 4^ water on the wliite predpitate of mercnry, except 
that lilce all the copper and patladinm bodies, it is hydrated> whiUrt tbe comnpondinjp 
mercnrial compounds are anhydrous. Such I consider to be the real constitution of 
this olive powder, and hy our knowledfre of its existence we are enattled to view the 
other ammonia-chlorides of palladium more itttiuiately than previously had been pos- 
sible. Thus the change of the pink ammonia-chloride to the yellow must, as I con- 
Gttve» be attended with an alteration in tbe mode of combination of its elements. 
Hie pink body Is formed only hy the direct nnion of ammonia with ehbride of pat- 
ladinm. It appears to be truly and simply Fd CI -|- N H,; but tin yellow cr}'stal- 
line substance is produced only by processes in which the palladimn has certainly 
passed, at least in a great degree, from nnion with chlorine, and bm combined with 
oxygen or amidogene. It is hence most probable that the yellow substance cannot 
aim) be ^m^y Pd CI + N H;,. The arrangement of its elements may be expressed by 
the formula H CI + Pd . N or dse there may exist for palladium a componnd ana^ 
logons to the mercurial white precipitate, it s forronia being Pd CI •4- Pd N H^, and this 
combined with sal-ammoniap may form the ypllow su])stancc, precisely as the true 
white precipitate {llu;('A-^-llg..\6) by union with sal-ammoniac forms Wouler's 
white precipitate, the composition of which, as I have elsewhere shown, is expressed 
by the simple formula Hg CI + N 1 13. 



C. Hy boiling a solution of the eolotirless crystalline ammonia-chloride of palla- 
dium (Pd Cl + 2 N H3 -f H O) with caustic potash in excess, for a long time, an 
oUve-green powder falls, which when heated deflagrates like loose gunpowder. A 
quantity of it which I had prepared for analysis and incautiously heated, was thus 
lost, and I can therefore merdy indicate the exisience of this body, and defer tbe 
exact account of it to a future time. 

In the memoir ulrettdy often alluded to, Fehling ha^i noticed that, on dissolving 
the pink ammonia-chloride in boiling water, a small quantity of a brown powder is 
sometimes iefl undisfiolved, and on analysing it (determining only the content of 
metal and chlorine), he deduced that it bad tbe formula PdaCI + 9 N H,. He re» 
marks, however, that tbe mrigitt of a body htning that formula, is nmler the drcom- 
stances incomprehensible ; it indeed assumes the existence of a peculiar chloride of 
palladium for which there is no other evidence whatsoever. I have on two occasions 
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tfaifl trace of brown matter, andfoond iti oonpositioii variable, and that U 
COBtuns oxygen, as it evolves water when heated. It is most probable that the am- 
monia-chloride is partially decomposed by water into the olive body (B.) and sal- 
ammoniac, thus 4 {Pd . CI . N H,) and 2 . H O give Pd^ Ci O. N II. and .i . N H, f'l, 
and that this olive substance (hydrated) coiubiues with a certuiu quantity of ammo- 
niapdilorid^ uodeoompoMd, or is more probably but nuxed with it llie fominfai 
Fd0a,NsHuOusM.CI.NH3 + 9(Pd4aNHeOa) gives very accnmtely tbe re- 
salt obtained by Fbhlino. 

It may be rf>!nnikt'd, however, that another and very interesting formula expresses 
the composition ot Fehling's substance. It is this: Pd^ CI Oj, or rationally, 

Pd CI + 2 . Pd N Hj -I- 2 Aq. This gives 

Theorj. WMKum, 
Pd., . . . 159-9 65- 18 64*18 

CI . . . 35-4 ]4*43 14-85 



2 N H3 . . 34 0 
Og . . . 16 



20*89 30*97 



'Ji5:{ 10000 10000 
It should ihfn hr an oxychloride of palladium united to ammonia, or a hydrated 
cbloramidide oi palladium, analogous in constitution to the very peculiar oxychloride 
of copper, Cu CI + 2 Cu O, whieh I have dsewbere described. 



The ubservatioub 1 have liad oeca&ton to make respecting the iodides and cyanide 
of pailadinm, and tbe bodies derivable from tbem, agi-ce perfectly with those obti^ncd 
by FkHLiNO, and pnbltshed in the memoir to which I have so ofken had occasion to 
refer, on the relation of the haloid compounds of palladium to ammonia, inserted in 

Iabio's * Annalon der Chemie und Pharmacie.' I deem it hence nniieeessnry to notice 
any' of those results in detail, as they already have been placed before the public. 

Of the SufykttUs ofPaUaihm, 

Tbe sulphate of palladium is best prepared by dissolving tbe metal in a mixture of 

snlphuric acid and nitric acid, the former being in excess, and evaporating the deep 
brown red liquor so obtaineil to tiie consistence of a synip. On cooling, it crystal- 
lizes, tiiough very confusedly, and only when so cuuceotrated us to become almost 
completely solid. 

In this state it tastes soar and metallie. It is reddish brown coloured^ very solu- 
ble in water, and in damp air deliquescent. It contains water of erystaUiaation. Its 

composition was determined as follows : — 

45'286 grains of the crystalline mass, dried between folds of bibidous paper, were 
heated cautiously as long us any traces of moisture were given olf. Tbe residual 
wogfaed 38*124 grains^ or 84*19 per cent., having lost 15*81 per ^nt. of water, :■ 
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Of the material ao dried, 32*043 grains were fused with carbonate of 8oda» and the 
mass having heen boiled with water, the palladiam was collected on a filter and 

ignited. It was pnrdy metallic, and weighed 16'653 grains, being 51*97 percent, of 

the dry or 4375 per cent, of tlie hydrated salt. 

The ii(|uor filtered frotii the metallic palladium was acidulated by imiriatie acid, 
aud precipitated by nitrate of barytes. It gave 37*492 grains of sulpiiate of baryleh, 
containing 19*997 gruns of sulphuric acid, equivalent to 40*17 per cent, of the dry, 
and to 83*89 per cent, of the hydrated salt. 



These resolts give therefore for the 

Dry Salt. Ifydrated Salt 

Water 15-81 

Sulphuric add . 40*17 88*89 
FsUadium . . . 51*97 48*75 
Oxygen and loss . 7'H6 6-62 



100*00 100*00 
The formula PdO.SOs + ^.HOgives 

Dry Sale. Hjpdnted Sdt 

Water . 15-08 

Sulpliutic acid . 39'd4 33*58 

Palladium . . . 59*56 44*64 

Oxygen .... 7*90 6*70 

10000 100*00 



When the dried sulphate of palladium is exposed to the air it rapidly re-acquircs 
water to the extuit of one equivalent, without becoming sendbly damp. This quan- 
tity was determined (Bcveral times; the proportion being that 100 parts of the dry 
.salt regained nine to ten parts of water, forming thereultli u greenish olive powder. 
If the air be very damp, it subsequently deliquesces completely. By this property 
tlie sulphate of palladium appears to ally itself with the sulphates of copper, magnesia, 
&c., but it difihrs widely finm them in others. Thus it is deoomposed by water, and 
I could not succeed in forming any double salts by bringing it into contact with the 
alkaline sulphates. Its analogue here would appear to be the sulphate of mereuiy. 

Basic Sufyhate qf PaUmUum. 

When a strong solution of sulphate of palladhim is mixed with much water it is 
decomposed ; a deep brown powder is separated, and the liquid becomes very acid. 
By the addition of free sulphuric acid this action of water may be prevented } but 

on neutralizing this excess of acid by an alkali, even ammonia, ;i brown powder 
separates, whicli i** loiind on analysis to be identieal with ttie former. 

Tlie following analyses were made of specimens of this salt, prepared under various 
circumstances. 
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A. Prejxared by dilutiun witlj water. 

39*467 grains were heated over a spirit lamp cautiously until all water had been 
given offl The dry mass, which had become mneh darker in coknir, weighed SSIMM 
grains, or 91'S per cent, having lost 8*80 of water. 

The dry powder was fused with carbonate of soda, and the metallic palladUnm 
collected precisely as described in the preceding article. It waghed 29*215 gndns, 
or 73"68 per cent. 

By the addition of nitrate of barytes the sulphuric acid was determined i it 
amounted to 2*408 grains^ or 8* 11 per cent. 

B. Prepared by the addition of potash. 

Tl»e method of analysis was precisely as in the foregoing instance. 
23*646 grains of material gave when dried 21*670 grains^ or 91*64 per cent., having 
lost 8*36 of water. 

This residue g'uve 17*379 grains of palladium, being 73*49 per cent.; and then 
4*589 grains of sulphate of barytes, being 19*36 per coit., oontuning 6*65 of sulphuric 
acid. 

C. A portion of the same specimen having been exposed to the air for some time 

was analy!«ed. 

27'443 grains gave when dried 23*722 grains, or 86*45 per cent., having lost 13*55 
of water. 

This residue was ignited with carbonate of ammonia. It left 19*215 grains of 
nMHalfic palladinm, equivalent to 70*03 per cent. 

This basic suit had, therefore, by expostire to the air| regained a quantity of water 
of which it had been deprived hy the high temperature of the stove in which the 
drying of the i)i eoipitate8 had been eliected. 

D. Prepared by ammonia, not added iu excess, and diied at about 150° Fahr. 

I. 47*072 grains of material gave, by a temperature near, but still below, redness 
in the dark, 40*361 grains of dry substance, being 85*74 per cent. It had thus lost 
14 26 of water. 

By fusion with carbonate of soda, and treatment in the usual manner, were ob- 
tained 32*444 grains of metallTc palladium, and <v.^()t» grains of sulphate of barytes. 
These weights indicate 68*91 per cent, of metal, and 7*15 of sulphuric acid. 

II. 24*780 grains of this specimen were heated until all water was given off; it 
then weighed 21*169 grains, having lost 14*58 per cent. The dry salt was then ex- 
posed to a damp atmosphere for twenty-fuur hours t it did not increase very sensibly 
in weight. This basic sulphate has, therefore, no power to reassume the hydrated 
condition, having once been fully dried. 

This dry material was fused witli carbonate of soda, and the metal and sulphuric 
add determined by the usual methods. It gave 16*977 grains of palladium, or 89*47 
per cent., and 4*275 gndns ci sulphate of barytes, indicating 6*94 of sulphuric acid 
percent 

MDCCCXUI. 8 p 
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The analyses A. ii. and C would tend to show that this salt may exist in two 
degrees of hydration, but I rather think that the diOerence in not iniportuut, fur in 
beating the mOter specimou I oould not tnee ai^ distiiict term at wbich an inler> 
raptloD to the eroliitioii of the water oocnrred. la the fint enunples, the apeciinens 
had been dried io the stove at a tempentare which would have probably rendered 
them qaite anhydroim. had they been exposed to its influence for a mncb longer time. 

I shall exhibit the results of all the analyses as follows : — 



Water . . . 


A. by Water. 
8*80 




B. by PdUsh. 

8*36 


Sulphuric add 


6*11 






Puliadium . . 


. 73-68 




73-49 


Oxygen and loss . 1 1*4 1 




U-50 




100^ 




100-00 


C. by Potuh. 


D.I. 
14-86 


D. II. by Amn 
14-58 


Failadiam . * . 


70-02 


68*91 


68-63 


Snipharie add . 
Osqrgen and kMa 


^ 16-43 


7'16 
9*68 


6*04 
9-06 




10<HK> 


100-00 


100-00 



It is thus abundantly evident that there exists but the one basic sulphate of palla- 
diom wfaicb majr be prepared by the aetioii of water or of any alkali upon the sul- 
phate,and the anaiyBee fiven*indicate that the dry salt has the foromla SO^ + 8 Pd O, 
from the per cent, composition of which none of the results found vary mnefa, whilst 
the mean of idl coincides completely with it. Thus, 



8Pd. B 


Theoiy. 
426-4 80-38 


Mean of aoalyaet abetnctug wattr. 

80-78 


80 B 


64'0 


18*06 


11*49 




40- 1 


7-56 


7-86 




630*6 


100-00 


lOOiM) 



Hie two hydrated states of this salt are accurately expressed by the formuise 
SO, + 8.FdO4-6HO,andSp| + 8.PdO + l0HO, 
wiiich give in numbers. 



8 Pd 


= 426-4 


72-96 


BPd = 


426-4 


687-» 


80 


= 64-0 


10-95 


80 = 


640 


10 M 2 


SO3 


= 40- 1 


6b5 


SO, = 


40-1 


6-47 


6. HO 


s 64*0 


9-84 


10.HO = 


90-0 


14-49 




684-5 


100-00 




620-5 


100-00 
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Of fhi Ammonia-sulphatfx of Palladium. 

On adding water of ammonia to a solution of sulphate of palladium, no ammonia- 
cal cuiupouud is at first obtained, but merely the basic compound already described. 
When, however, the ammonia is added in excess, the basic salt redisaolves, and a 
oolourless liqnor is produced, from which the ammoniawBolphate may be obtained 

eryBtallized, by cautious evaporation and cooling'. 

Tills salt is best obtained In' raking a strong' solution of tbf* nftitral sulphate, and 
passHig- into it a stream oi amiiioniacal gas until the brown precipitate which first 
appears 'i& totally redissolved ; then filtering, if necessary, and setting aside to cool 
slowly. It then forms rectangnlar prisms, often of considerable fsa» and of a bcaa« 
tifiil pearly lustre. 

When this salt is very gently heated, it gives off water, and the crystals become 

opake, \mt without losing their form or whiteness. Ammonia is next evolved, and the 
salt changes into a yellow powder, whicli, when more strongly heated, fuses, evolves 
sulphite of ammonia, aunuouia, ntti-ogea, and water, aud leaves metallic palladium. 
A very finely crystaUiMd spedmen was analysed as follows 

A. S6*9B7 grains decomposed by very fiill ignition gave 9*414 grmns of palladinm, 
or 36 1? 1 [It r cent. 

B. 48 677 grains dried at a very niod»'rate heat as long as any water was evolved, 
but without any loss of ammonia, lud 1 1'lnainio^ quite white, then weighed 46*673 
grains, having lost 6*19 per cent, oi vi ulcr. 

17'08O grains of this dry mstwial gave by bright ignition 6'591 grains of palhidium, 
which is 38'68 per cent, for the dry, and 80*28 for the hydrated salt. 

C. 28*462 grains of the crystals were fused with carbonate of soda and the mass 
tn'atf d with boiling water. The metalUc palladiam which remmned weighed 10*840 
grains, or 30 50 per cent. 

The alkaline liquor acidulated by nitric acid and treated with nitrate of b&rytes, 
gave 22 B27 grains of sulphate ti barytes, indicating 27*67 per cent, of snlpbnricacid. 
These results miqr ^ thus exhibited. 

HydreUd S«lt. D17 Salt. 

A. fi. C. 
Water .... 6'I9 

Sulphuric acid . . 27*67 29*49 

Palladium . . . ar, 24 36*28 36 .50 38*68 
These results abundantly siiou that the formula of this salt is, when crystallized, 
S O3 + Pd O + 2 N H3 -h H O, which gives 



SC), = 40*1 


277* 


Pd 8 68*3 


86-95 


0=8-0 


5*64 


2 . N H, = 34*0 


28'63 


h6= 90 


6*23 


144*4 


100*00 



2p3 

Digrtized by Google 



OR. KANB ON THB CHBIIJCAL BISTORT 



I have shown elsewhere* that the sulphates of this class must be considered as 
consisting of an ordinary aitimoniacal salt united to a metallic oxide combined with 
aaimoiiia» or to a true metallic aniidide. Of these two ctateSs the ammoniacal mU 
pbates of eopper and of silver afford examples, the former bavipg' the formola 
S O3 . N II4 O + Ca O . N Hj, whilst that of the latter ii SO3 . N H4 O + Ag . N H,. 
The salt of palladium, at prpsint in question, affords an excellent instance of the pass- 
age from the one to tlie other state, for as the ciy<!talR lose tlit^ir water by a gentle 
heat, and tlie quantity of it amounts to exactly au equivalent, the formula of the 
dried salt becomes SC^.NH|0 + Pd.NH|, and there is hence good gromid for 
the opinion that the atom of water it really present as sudi in the hydrated salt» and 
tliat in this, and also in the corresponding salts of nickel, cobalt, rojjpcr, and zinc, 
the metal is truly cuiiihiiied with amidogenc. The formula is then to be written for 
this, as for all such salts, S O, . N H4 O + Pd . Ad + Aq. 



There exists another ammoniapsnlpbate of palladium, which may be formed 1^ the 
action of a moderate heat upon that already described, until It is totally converted 
into a yellow powder, or it may be produced by adding sulpbaric acid to a strong 

solution of the preceding salt, or by hoilini^ such hulutiun for a long^ time. It then 
precipitates as a yeilow cryslatliiie powder, wliicli dis^olrr'; easily in hoilinf^. but very 
sparingly itt cold water. By a strong heat it is deeutnposed into water, and gaseous 
prodncts, sulphite of ammoma, and metallic palladinm. 

It was analysed by fusion with caHMmate of soda, treatment of the residue irith 
water and deterrainution of the sulphuric add, as sulphate of barytes. From 27*103 
grains tliere wprr thu> obtained 12128 grains of metal, or 4470 per cent., and 26*BB6 
grains of sulpliatc of liar\tc«, or 99*8 per cent., containing 34*40 of acid. 

The fornmla dedncible from these uumber.s is 2>03. Pd O + N H,. Thus there is 

Theory. Experioient. 
Sulphuric acid . 40-1 83*87 34*30 

Palladium . . . 533 4502 44*70 

Oxvfren .... 8*0 



Ammonia . . . I/O 



6-75 •) 



21*00 



118-4 10000 1 0000 

On adding tnuriatic acid to a solution of tlio u'hite ammonia-sulphate, it is not this 
salt which separates, but ttic yellow aiumonia-chluride already noticed. 

Of the NUruin o/PaUadmm. 

It has been Itxag knovm that palladiam dissolves in nitric acid without any evolu- 
tion of nitric oxide gas unless heat be applied. On evaporating the dive-brown 

* Tmnetioiit of lb* Hoynl Iriab Andeaiy, vol. xol, p. 77. 
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solation so obtained, it becomes luote reddish, and if set aside when of a sirupy 
oooilstentce, lund allowed to cool slowly, the nitrate of palladium crystallixee in long 
rbonbie needles, which are, however, lo ddiqueeoent that I found it Impossible to 
determine with accotacy the quantity of water of crystaUlzation which they contain. 
In general, the solution of this salt dries down to a mass with scarcely any trace of 
crystallinf sfrncturt'. 

If a solution of nitrate of palladium be diluted with uiuch water, a dark brown 
powder fiilb, which is a basic uitrate. It may be generated also by adding solution 
of potash, or water of ammonia in small quantity, to a solution of the metallic salt. 
This basic nitiate, when heated, evdves water, and then red fhmcs of nitrous acid ; 
leaving oxide or suboxide of palladium, according^ to the temperature to which the 
material may have hcon finally exposed. 

The following analyses will show that the basic nitrate, at» prepared by different 
methods, is really of uniform constitution. 

A. Basic nitrate prepared by water of ammonia. 

60*808 grains of this Specimen were placed in a tube of Bohemian gbias, about 

twelve inches long, and in front of this, but completely separated by some, rolled 
pieces of platinum foil, tlie tube was filled for a spacp of about four inrhcs, with clean 
finely-divided metallic copper, as reduced from tiie oxide by hydrogen gas. 'i'o each 
end of the tube was attached a bulb-tube, containing recently fused chloride of cal- 
eiom, and that next the metallic copper was placed, by a caoutchouc c<mnecter, in 
communication with a Tessel of water, by the flowing out of wliich a current of air 
might be established through the appjiratus, precisely as is effected in the process 
proposed by LiRBin for dryin;*' org'anic substances previous to analysis. TliR long 
tube containing the pulludium salt and the metallic copper being placed in a charcoal 
furnace, that portion containing the copper was heated to redness, and then, whilst 
by the flowing ont of the water astream'of air was brought through the tube, a gentle 
heiit was applied to the basic nitrate of palladium. Water and red fumes were given 
off, which latter were reduced to the state of nitrogen or nitrous oxide by contact with 
the ignited metallic copper. The otirrenr of air, whicfi had been accurately dried by 
passing through the fii-st chloride of calcium tube, carried these pix)ducts forwards. 
The water was collected by the chloride of calcium tube into which it passed, whilst 
the gases mixing with the general current of the air passed into the vessel from 
which the water flowed. 

As soon as the puMadidin .'-alt liad been feebly ignited, the process was interrupted, 
and the tube allowi-d (o cool. It w a.s tiicn so cut by a file, as tliat the lesidiial oxide 
of palladium could be removed without any sensible loss. It weighed 44*620 grains, 
or 73-16 per cent. The chloride of calcium tube in which the water had been col- 
lected, was wein^ed before and after the operation. The increase of weight was 
7*208 grains, indicatitii^ 1 18.') per cent, of water. 

In order to verify the degree of oxidation and determine the quantity of metal in 
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the residual oxide, tiiu i-i &20 graias were igaited in a current of iiydrogcn gas, aitd 
the water to fonmd wm collected in a cUoride of oaloinm tube. It weighed 6'251 
gnuBB, or 10*98 per cent., cootumiig 9*14 of otygea, and the icmiuniiig metaUic pal^ 
ladium weighed 38*927 graiiUj correepoodSng to 64*01 per cent. 

B. Basic nitrate produced by water. 

I. 29 (U>o grains of the brown precipitate, formed by diluting a strong solution of 
nitrate of palladium with a large quantity of water, gave, by very geutle ignition, a 
black reeidae of odde weighing 21747> or 73-31 per ceat, and by vivid ignition 
18'fl90, or 64*30 per cent, of pure metallic palladiuni. 

II. 12*858 grains were mixed with copper filinga, and more clean metallic copper 
being placed in front, the tube was heated in the same manner and with the same ar- 
rangement of apparatus as already described in A. The water collected in the chlo- 
ride of calciuat tube weighed 1*420, correspooding to l I M per cent. 

in. 17*939 gndns vere mixed with copper tnmiags, and placed at the bottom of 
a tube of Bohemian glass, which waB then filled with dean freshly-reduced metallic 
copper. The tube was about nine int^MS long. From it passed to the pneumatic 
trough a bent tube, of ivliii-h the extremity opened, above the level of the water, 
under a narrow graduated jar, so adjusted as that it shonid rise as jt^is passed into it. 
The pure metaiiic copper having been first fully ignited, beat wiu, applied to the ex- 
tremity of the tabe, and the mtric add of the salt was ao completely ikcnddixed by 
the red-hot copper, that the gaa which pamed over contained no aenaible trace of 
nitric oxide. When the operation was concluded the apparataa waa allowed to cool, 
and tlie proper correction being made for the change of temperature which had 
taken place in tlie air of the room during the experiment, tlie volume of the gas col- 
lected iu the graduated jar was considered to represent the quantity of nitrogen which 
the aubetance contained. After the proper correctiom for temperature, pressure, and 
mmsture, it measured 3*819 cubic inches, weighing 0*7459 grains, or 4*31 per cent. 

By this method the oompoettion of the basic nitrate of palladium is found to be 



A. BrAtiiwwb. B. Bf Water. 

I. n. HI. 
Palladium 64*01 64*:)6 

Oxygen oorobined with metal 9*14 8*95 

Water 1186 11*20 

Nitrogen -i-.'U 

These results lead to the 6iini)le formula N O5 + 4 Pd O -f 4 H t), winch gives 
4Pd = 213*2 63*61 4 . Pd O = 245*2 73 13 

40s 82*0 9*64 NO5S 64*0 14*91 

Ns 14*0 4*17 4H0= 360 11*94 

03= 40 0 .P94 — — 

4 U O =s 36*0 10*74 

335*9 100*00 
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Ammonia-nitrates of Palladium. 



A. When a solution of nitrate of palladium is heated with a considerable excess 
of water of tanmovSn, or wben amiDoiilaoal gM is pawod into ttm Mlafion, a 
oolourkw liquor li idtiaiatdy oliteiiied, the precipitate whldi first forms Mng per- 
fectly redissolved. By careM evaporation, this solution deposits a pure white salt 
in rhombic crystals (prisms or pl-itcs), of a brilliant pearly' lustre. When heated, 
this salt fuses, and deflagrates violently with a brilliant 'white flame, depositing 
metallic palladium, and evolving water and nitrogen gas. The existence of this salt 
and its property of So exploding has been long known, and ita oomposltioii only re- 
mained to be <kteriniiied by ine. 

I. 20-696 grains of this salt in good crystals were udxed vitb powdered glass, and 
placed in a tube : in front of tho mixture wds put oxirlf f)f copper, and in front of that 
again clean metallic copper, iu thin turni n l;^s. The latter part of the tube having been 
heated to redness, heat was applied to the part of the tube containing the mixture, and 
tbe gas and- watery vapoor bnnqiht faito oontaet wilfa the oxide and metalBc copper. 
The water was collected in a chloride of calciom tube, the last portions being obtained 
by breaking open the far extremity of the analysis tube which had been formed to a 
point for the purpose, and drawing by thp mouth a current of air through the appa- 
ratus: the quantity of water was 8" 1 80, oi ;i'J-5;i per cent., containing 4'39 of hydrogen. 

II. 16*036 grains were mixed with powdered glass, and heated in a platinum cruci> 
bl^ at first g«itly,nntil all volatile prodncts had been expelled, bnt then to dull red- 
ness. The weight of tbe glass used being known, it was found tfaat there remidned of 
nietaUic palladinm 5725, or 35 71 per cent. 

III. 16"237 grains being mixed with powdered glass and placed in a tube with 
oxide of copper and metallic copper as in the last experiment, but from which a nar- 
row tube passed to a graduated jar in the water-pneumatic trough, tbe decomposi- 
tion waa eifected, and the vofame of tbe nitrogen gas evolved delMinuied aa akeady 
noticed In the analyris of the basic utrate. It measured 147071^ cubic inches, 
WMgfaIng 4*7149 gruns, equivalent to 29 04 per cent. 

The conposition of this salt is, therefor^ 



The formula N O5+ Pd O + 2 . N H3, exactly agrees with these results, giving 



Palladinm . . . 

Nitrogen . . . . 

Hydrogen . . . 

Oxygen (by loss) . 



36-71' 

2904 




Pd = &8'8 3570 

N, = 49-0 36*18 
0^ as 48-0 

Hess 0*0 4*09 



PdO«6l*8 41*00 
NQ, SB 54-0 80*19 

9. N Ha =340 22-79 



149*8 



lOOHK) 



149*8 100^ 
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Hie i-ational formula of this salt is, therefore, N Oj . N H4 O + Pel . N H,, and it 
is completely analogoo* in CQiistitatioii to the corrMpondiDg ammonincal nitcate of 
copier. 

B. If the qoantity of ammonia added to the sulution of nitrate of palludinm be not 
sufficient to redissolve all of the brown basic nitrate which is first formed, ii deep 
yellovr liquor is produced, which deposits on standing, or by moderate concentration, 
small yellow crystals, whose form :i]>pear8 to be rhombic-octobedi-al. Wbea beated, 
these cryirtah deflagrsti^ producing water and nitrogen gns with eopioos fomes of 
nitrons acid, and some clouds of nitrate of ammonia. The residoe after ij^ition is 
metallic palladium. 

The analysis of this Itody was ronrlticted as foHmvs : — 

I. 6"065 grains uere i<,'nite(i in a tuhc of Hoheniiati gloss, and thevolafilr products 
having been conducted over red-liot uietallic copper to decompose any red fumes, 
were passed through a tube containing chloride of oakinm, which collected water 
amounting to 1*219 grains, or 20*10 per cent., corresponding to S*3S of hydrogen in 
100*00. 

The tube being cut the residual palladiam was found to weigh 2*623 grains, or 

43'6 per cent. 

II. 5 Ui(} grains ignited in a platinum crucible gave 2*285, or 45*54 per cent, of 
metal. 

III. . 5*571 grains gave when treated exactly in the manner described in the pre- 
ceding salt, nitrogen gas, which after correction measured 4*211 cubic inclieS} weighing 
1*355 grain, or 24*10 per cent. The decomposition did not appear to proceed to 
regularly, nor to give so pure gas as in other cases. 

From these experiments this cumpound appears to contain in too parts, 

Palladium 43*60 45*54 

Nitrogen 24*10 

Hydrogen 2*2S 

Oxygen (by loss) , . . 30 07 

100*00 

The formula to which these numbers lead is very anomalous. It is NO} •f Pd . NH^ 
which gives 

One atom palladium . . 59*3 43*23 

Two atoms mtrogen . . 26*0 22*71 

Two atoms hydrogen . . 2*0 1*62 

Five atoms oxygen . . . 40 0 32*44 

123*3 100*00 
If this formula were perfectly established it would constitute the 6rst example of 
a direct combination of a metallic amidide with an acid. The only other snpporition 
at all possible is, that it may contiun the elements of an atom of water ; the formaht 
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should then become N O5+ Pd O . N H3, and correspond to the yellow crystalline form 
of the ammonia-chloride Pd . CI 4- N Hj, or the yellow ammonia-sulphate, S O3 . Pd O 
+ N H3. Adopting tbis formiila, the compofliUon of the salt ahoold have been 



One atom paUadiam . . 68*3 40*39 

T«ro atoms nitrogen . . 38-0 3 hid 
Three atoms hydrogen . 8*0 2 27 

1^ atoms oxygen . . . 46'0 36*28 

ISS'S 100-00 



And with this the hydrogen and nitrogen determinations might be considered as per- 
fectly ag:reeing'. TTowever, from the irregular way in which this salt is decon>posed 
I attach little value to the nitrogen result, and, on the other hand, the quantity of pal- 
ladium found exceeds that given by the formula as last written, too much to be ac- 
counted fiN> by any error of Mperiment^ as the ccystab anidysed were very pare. I 
hence consider that attbougb tiie formula NOb + Fd O . NH, agrees best with our 
recdved ideas, and with the analogies of other compounds, yet the former, N Oj 
-|- Pd . N H2, is more strictly dcducible from the analytical re^sults, and desm vcs at 
least provisional adoption until an opportunity presents itself of obtaining more de- 
cisive results, for I have found that this substance is not formed in all cases wheu 
its elements are brought together. I have procured it crystallized and sufficumtly pure 
ibr analytis but twice, and tiim only in each small quantify as limited my power of 
expniment, as has been already seen. 

Double Oxalate of Palladium and Aminonia. 

This salt, which may be formed by adding oxalic acid to a solution of any colour- 
less ammonia^alt of palladium, or by dinolving the freshly-precipitated hydrated 
oadde, or basic carbonate in a solution of binoxatete of amnomom, erystallnws in 
very beautiful bronze-yellow rhombic prisms, which are of two kinds, diflfering in the 
quantity of water of crj-stallization which they contain. I shall describe them as 
being, the one form in short prisms, the otiier in needles. 

The short prismatic salt gave on analysis the following results 

81'235 grains gave, when very gently heated until the evolution of watery vapour 
ceased, 37*634 of dry salt, being 88-43 per cent. 

This dry substance being then ignited there remained 9'tiO grains of metallic 
palladium, or 30*20 per cent. 

A quantity uf the salt having been mixed with oxide of copper and introduced into 
a tube of German glass, with clean metallic copper in front, it was burned as for 
an orgaidc analysis, and the rdative volumes of nitrogen ami carbonic acid In the 
gaseous mixture, which came over, were determined in the usual way. This relation 
varied very mndi in the different tubes full of gas, showing that the oonstltnents of 

HDCCCXUI. 3 4| 
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the salt were not umtormly acted on by the heat, but the relation of the total volume 
of lUtrogen to the total volame of cftrbonic acid vas very exactly 1 : 4. 

Thete renalto tbow that tfaeformnlaof tbiinltif B(l.O.C,O|+NH«O.C,0^ 
+ 2 Aq, giving 

Theory. Ezperiment. 
Fd = 53*3 90^06 80*20 

2X20, = 88 0 49-64 -> 

NII,= 180 1015/ • ' 

2.Aq = 180 1015 11-57 

177'3 10000 10000 

The salt crystallizing in long needles, giw, ivhon dried, about 70 per cent, of dried 
salt, havinrr lost 30 per cent, of water. Hy iLtiifion it yii'lds from '23 to 23*26 of 
luetuUic pailudium. These numbers pmnt out thut it coutuius eight atums of water 

of cry8tiUli>atiotij from which the nmnbers ahoald be 31*13 of vaterj and 23*04 of 



jSCCtioO n.— PlATINini COHFOUNim. 

Protojydilonde qfPUtHmm. 

Daring experimeats conducted for the purpose of pnpariog eulphate of the drat- 
ooide of p i at in i w a, and the rendte of which I ahail on anothar occaaion more spe- 
cially describe, I had occasion to remark the formation of the substance now in 
qiH'stion, and to determine its properties and composition. The bichloride of plati- 
num being boiled with strong sulphuric acid in a retoit, nearly to diTness, much 
muriatic acid gas is driven off, and on washing out the residue with water, a black 
powder remains nnditeolved, which oiay be oolleeted on a filter. It is anhyikotM. 
At a red heat it evolvet oxygen and chlorine, leaving metallic platinum. In solution 
of potash it appears to dissolve. By ammonia it is converted into a fulminating 
substance, of which the analysi<; is not yet completed. By muriatic acid it is con- 
verted into the ordinary protoehloride of platinum. 

Its analysis was effiscted as follows 

29*402 graina were perfectly faaed with an eioeea of carbonate of soda. When the 
aaUne matter waa diaaolved ont with water, metallic platinum remained which weighed 

25*620 grains, or H7*14 per cent. The solution having been precipitated by nitrate 
of silver, after bcin;: acidulated by nitric acid, gave 8*995 of chloride of silver, or 
30*55 per cent., containing 7*64 of chlorine. 
These results lead to the formula Pt CI + 3 R O, which gives 

Thorny. BspHftenfe. 

Pt^ = 395*2 86*94 87* U 

CI = 35-4 778 7-54 
0,= 24*0 5*28 5*32 



454-6 100*00 100*00 
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The inatf rial which is dissolved off from this black powder is by no means a pure 
sulphate ot platinum. It contains also bichloride, the decomposition of which appears 
to have a deiiiite limit regarding sulphuric acid. 



Aetkm ^ Ammoim on BbnetRde tfPtathmm, 

When the bink»£de of platinum ii difoted in vater of ammonia, either cold or ho^ 
it becomes gradnally changed to a bright cinnabar red powder, wbidi Is insoluble In 
water. This powder may also be formed by adding water of ammonia to a solution 
of the (!nnMe iodide of platinmn and potassium. The liquor becomes nearly colour* 
less, ami tiie red substance precipitates. 

On heating this body it gives off ammonia with Tumes of iodine and of bydriodate 
of ammonia : water also separates. It may, however, be exposed to a temperature of 
854f Parr, without lodng water, whieh does not escape until complete decomposition 
has commenced. 

The anal}-sis of this body was effected as follows : — 

32'490 grain'? were fused with carbonate of soda, and the residual mass digested in 
water. The platinum which remained behind weighed 12-4/2, or 38*01 per cent. 

The alkdine adtntioii being rendered acid by acetic acid, was decomposed by nitrate 
of silver. The iodide of riiver, being ooDeeted, dried and weigbed, was 20'!lft5 graiiis, 
or S9-8 per cent, containing 48*37 of iodine. 

47*226 grains, i^ited with oviHe of copper in the manner already described, gave 
9*215 cubic inches of dry nitrogen, equivalent to 6*26 per cent, in weight. 

44*468 grains, ignited with oxide of copper, gave 4*684 of water, equivalent to 1 io 
of hydrogen per cent. 

These results lead directly to the formula PtI NH^O,. or PtO, + NH4 . 1 for 
which the numbers are 

Hmmmj. SxpaiiMiit. 
PtB W8 38*13 88-01 

O^sa 18-0 6-17 

N=3 14-0 5*44 0*96 

= 4-0 1*54 M5 

1=126*3 48*73 48*37 



259 1 100*00 10000 
The hydrogen being found below the quantity assigned by theory, I i ml. avoured 
to ascertain whether a portion of it could be eliminated as water, ,ind 1 exposed a 
quantity of the substance to a eurrent of dry air at 300" Fahr. until ail traces of vv aier 
ceased to pam. The quantity of water which escaped was r9S per cent. If this were 
not hygrometrie^thefcvmnlaof the dry substance should be Ptl^ + PtOg + 2 .N H3 . 
and the hydrogen should be 1 20 per cent., nearly what was fomisbed by analysis. 
The specimen analysed for hydrogen was probably so dried. 

2 g 2 
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It is interesting to find here the form assumed by the ammoniacal compounds of 
qaicksilver, but still hydratcd, and so rendered much more complex. It is carious 
also to recognise b the two bydmted sialei of this ted plaHnnin body, the analogues 
to the two formulK assigned to the mercurial white precipitate before its true consti- 
tution was known. Thus PtO^ + NHj.I. corresponds to the formula HgOj 
+ N II4 . C! given by MiTsrMF.uLrcH, and Pt I, + Pt O., -f- 2 . N H3 is equivalent to 
that suggested by Mr. Richard Phillips, HgCl^ + Ilg -f 2 .N Hj. I do not be- 
lieve, however, that the perfectly anhydrous condition of white precipitate can be 
given to this pialinum body. 



0» tie JietSm ifAmmoma or ike Perckbride ^fPkiM 

A. When a dilote solution of perchloride of platinum is added U> water of ammonia, 
also dilute, a pale yellowish precipitate is produced, insoluble in cold water, but de- 
composed by boiling- water, or even by much washing; the double cliloride of plati- 
num and ammonia being UisiK^lved out, and the colour of the residue becoming much 
l^s yellow. 

When this powder is heated it gives out sal-ammoniac, chlorine, nitrogen, and 
leaves metallic platinum. No trace of water appeals: it hence docs not contain 

oxygen as a constituent. With muriatic acid it is changed into the oommon donble 

chloride of platinum and ammonium. 
This substance was analysed as follows : — 

21*098 grains were carefully mixed with an excess of carbonate of soda, and ignited 
ontil tlie mixture was completely fused. The saline matter was ilien dissolved ont 
with distilled wnter, and tlw metallic platinum remaining being collected and Ignited, 

weighed 10-8S1 groins, = 51'6 per cent. 

The solution having been aridolated by nitric acid was precipitated by nitrate of 
silver, the chloi idc of silver produced was collected and fused, it then weighed 18'&21, 
equivalent to 38*8 of chlorine per cent. 

45*333 grains of another quantity, treated in a predsely timikr way, gave 38*614 
of pktinum, 53*1 per cent., and 70*161 of chloride of tilver, eqnivntent to 38*9(1 of 
chlorine per cent. 

These results indicate for tlie composition of this substance the very simple for- 
mula PtCl, + N II34 which gives the numbers 

Tbeoiy. £zpehmeBt. 
One atom of platinum s98'8 63*38 61*6 63*10 

Two atoms of chlorine = 70-8 37-94 38*8 38*20 

One atom of ammonia s 17-1 9>68 9.6 9*70 

186^7 100*00 lOOrO 100*00 

FVom the circumstance of no water being produced when this body is decomposed 
by hMt, and the relation between the chlorine and platinum showing that these con- 
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sUtuents are directly combined, tiie loss must necessarily be nitrogen and bydrugea 
in the proportions to tona amqionia. Tbii oonstitncnt, therefore, wu not dincttj 
ettiouUed ; the anafyMC sbomng tiiftt tlie bftnnilali yellow powder oooniCs of an 

equivalent of perchloride of plHtinnra anited to an equivalent of annioaia. 

This sHbstancc is not by any means alwajrs formed by ttie .Hofion of water of am- 
monia upon a solution of chloride of platinum ; on the contrary, it is difficult to obtain 
it uuless by using both solutions very weak, and by having tlie platinum quite free 
from nuriatic acid in excess. In the great majority of cases, this icat product is 
eith» rendered impure by the passage of a portion Into the second stage of the re- 
action, or else by the precapilation ttf the double chloride of platinum and aromoniom 
which is generated at the same time. With inodfrntel} \ri ak solutions, the platinum 
being in excels, and avoiding too much washing of the precipitate, the substance may 
generally be obtained pure. 



13. When the solutions of chloride of platinum and ammonia are boiled together, 
the precipitate rapidly assumes a remarkable fawn colour. In this state it is insoluble 
in water. It dissolves in muriatic acid, producing a yellow liquor. When heated, it 
gives off chlorine and mnriatie add gases, water, a trace of sal-ammoniac, and leaves 
metallic platinum. 

The analysis of this body was effected as follows : — 

I. 27'&W grains ignited with an excess of carbonate of soda, gave by the same 
mode of treatment as rhar described in paragraph A, 12-332 of platinum, being 44*24 
per cent., and 47 365 of chloride of silver, equivalent to 41*94 in 100. 

For die detemination of the hydrogen and mtrogen, the sane methods wvee em- 
ployed as in the analyses of organic bodies, and the details of which need not be 
inserted. 

20-064 grains homed with oxide of copper, gave 19*886 of water, or a*ir per cent. 

of hydrogen. 

30'040 grains of substance produced 4*29 cubic ioches of dry pure nitrogen, equi- 
Talent at standard temperature and pressure to 1*420 grain, or 7*09 per cent. 

II. Another quantity of substance prepared at a different time and at a much lower 

temperature, gave the following result 

23*599 grains ignited with carbonate of soda, gave by treatment witfi nitric acid 
and nitrate of silver 40-223 chloride of xilver, equivalent to 41*20 of chlorine pet 
cent., and left 10-5U7 ot platinum, equal to 44*4/ in 100. 

The hydrogen being determined, as in the former cas^ there was cbtaiaed from 
24*985 graina of snbstance 5*170 of water, equivalent to 2*30 of hydrogen pet 
cent* 

In this instance the nlfrnjren was not determined. The fni mitln m which these re- 
salts lead is very remarkable, and will hereafter give origin to some observations ( for 
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the present I shall only put it fiMrwd Id a puidy empirical fbnn, as follows : 
Vt^Cli N2O4, whiob gives the follmring nanbers ^— 



Tmto atoms of phtiaaiD as i97-e 44*SS 

Fiv« atoms of cMovine » 1 77*0 3973 

Two atoms of nitrogen = 28'2 6-28 

Eleven atoms of hydrogen = U'O 2*47 

Four atoms of oxygen = ;i2 0 7*18 



446-8 10000 



III. Tlie substance used in analysis No. 1. was ng-ain boiled for a short time in 
water of ammonia, but without allowing the colour to becooie perceptibly altered, it 
was then dried at a tempecatare of 130^ and analysed. 

14'402 grains of snbetanoe gave, by the nsoal treatment, «'4fi7 of metallic platinnm, 
equivirient to 44*73 per cent., ami 23*799 of chloride of diver, equivalent to 40*61 of 
chlorine. 

24'i;^*i crains of substance burned with oxide of ooppt-r jn^vp ot watrr, or 

2'21 of hydrogen per cent. 27*968 gave, by the usual method, b tM)2 cubic inches of 
pure dry nitrogen, weighing at standard temperature and pressnies 17961 grain, and 
hence eqmvatoit to 0*44 per cent. 

The experimental results are hence as follows : — 





I. 


II. 


UI. 


Platinum 


. 44*24 


44*47 


44-73 


Chlorine 


. 41.94 


41-20 


40^61 


Nitrogen 


. 7"09 




6-44 


Hydrogen 


. 217 


2-30 


2-21 


Oxygen . 


. 4-56 




6-92 




10000 




100-00 



It is very remarkable that in all these results the clilorine appears to be a little 
(about 1 per cent.) above the theoretical number; this is perhaps due to the pre- 
sence of traces of the double chloride of platinum and ammonium, which, from its 
sparing sohibility, if once formed Is very difficult to be removed, and Is not changed, 
eicept when the accomponjing bodies are also decomposed. The composition of 
this sniwtance is, however, evidently the same, although prepared under varied cir- 
cumstances ; nnf! it m:iy also be produced, even in the cold, by alh)wing chloride of 
platinum to remain in contact with an excess of water of ammonia for a considerable 
time. 

When tUs fubstanee Is heated to abont 250^ or aOQPtt abandmu some water, but 
no ammonia. The quantity of water thus given off, was found to be 2*57 per cent. 

By the loss of one eqtiivalent it should be 2 per cent., and hence probably the per* 
fectly dried substance has the composition of Ptj CI5 H,ii O,. 
The formula of this body presents a remarkable relation, which may be at the pre- 
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tent OMNMiit notieed. It nwj be eouMmd m thu ordinary doable chloride <tf am- 
modom and platinam, Ft CI + N H CI, nmted to a compound of cblotide of plati- 
nnn and odde of aniinoninni, and thai two alomi of water added. Tbna 



Whether this be its true constitution will be discussed in the sequel. 
It may br also coiTiposcd of the ehloride of platinum and ammonimn united to the 



This la a more Bkety anppoiition than ihe former. 



C. When the fawn-coloured substance last described is continually boiled in 
water of amnionia, it ultimately dissolves, but it may be observed to become dark 
brown before it dnappears. TbUi brown substance ^ssdves almost as soon as formed, 
and benoe it is difficult to obtain a quanti^ of it for analysis $ even a large quantity 

of chloride of platinum yielding by the action of ammonia only traces of it. This 
brown powder is not acted on by boiling water. With muriatic acid, it partly dis- 
solves, e'lv'ms a yellow liquor, and is partly converted into a white powder, sparingly 
soluble m water. 

Wben lieoted it gives off sal-ammoiuao, water and nitrogen, and metallic platinum 
remains. To determine the cmnpoeition of this snbstance the same methods of ana- 
lysis were used as in the former cases. 

'21 608 grains ignited with carbonate of soda, gave 1'. 155 of platinum, or 61-80 
per cent., and then 9 939 of chloride of silver, correspondiug to 1 1'Sd of chlorine in 
100. 

98*799 grains gave, by ignition with oside of copper, 7'086 of water, indicating 3*31 
per cent, ot hydrcgcn. 

14*663 gnuns gave 6*2247 cubic inches of pore nitrogen reduced to 30 inches 

barometer and 32° Fahb., indicating 13*50 per rent in wnMirht 

The formula to which this analysis leads is remuikable ; it is Ptj CI Nj Hjq O4, 
which gives the following numerical results :— > 



Two equivalents of platinum . 


197-6 


62-28 


61-80 


One equivalent of chlorine . . 


85*4 


ii'ie 


11*85 


Hiree equivalents of nitrofen . 


49*3 


I8>83 


18*50 


Ten equivalents of hydrogen . 


100 


3-15 




Four eqaivalents of oxygen . . 


33*0 


10-08 


10-04 





317*3 



100*00 



100-00 



* 
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The specimen employed in the ubove uaalysis bad been dried at a temperature of 310°, 
and bad lost a quantity of water whicb it retains wben dried at lower temperatures ; 
the quantity of water thus loosely combined was found to be three equivalents. 

When we look to tlie oonstitutioa of the formula just described, we may probably 
consider the chlorine to exist as sal-ammoniac, and then combined with an ammonia 
oxide of platinum, such as is found really to exist ; thus the formula may become 



It also obviously bears a remarkable relation to the constitution of the fawn-coloured 
substance, four equivalents of muriatic acid being removed from the latter, and being 
replaced by one equivalent of ammonia and one of water. 



D. When the action of the water of ammonia is still longer pontinued, this brown 
matter dissolves and a perfectly colourless liquor is obtained, trom which nothing 
separates by cooling. If, however, a quantity of spirit uf wine be added, a copious 
white, or pale-yellowisb white precipitate is produced. This, on drying, aggregates 
into a mass like coarse meal, whtdi wben powdered is nearly quite white. 

This sub^nce is not insoluble in water, and dissolves readily in water of ammonia : 
its solution gives with the oxalic and muriatic acids copious white precipitates, and 
it dissolves in sulphuric and nitric acids, giving crystalline compounds; when heated 
it evolveii water, ammonia, nitrogen and sal-ammoniac, und leaves metallic platinum. 

Its analysis was conducted in the usual manner. 

1. 25*967 grains gave 18*043 of platinum, or &0*94 per cent., and yielded by snbse^ 

quent treatment 18*552 of chloride of silver, corresponding to 18 03 of chlorine in 100. 

24-838 grains gave 9 089 of water, equivalent to ;voi ©f hydrogen in 100. 

22*102 grains gave II) 1259 cubic inches of pure nitrogen at 30 inches barometer 
and 32° Fahr., equivalent to 14 69 per cent. 

IL Another quantity pre[»red at a diflbrent tfane and of a rather more decidedly 
yellowish shade than tibe former was also analysed. 

1 1-406 grains ignited gave 5*741 of platinum, or 50*34 per cent. An aoddeat pre- 
vented the detcrFnination of the chlorine on that quantity. 

17*256 grains, ignited with oxide of copper, gave 6*002 of water, indicating 4*05 per 
cent, of hydrogen. The residue was treated with nitric acid and nitrate of silver, and 
gave 13*680 of chloride of silver, equivalent to 18*96 of chlorine in 100. 

The expetimeotat results are therefore 



2(PtOj-f NH3)-|-C1NH4. 



Platinum . . 
Chlorine . . 
Hydrogen . 
Nitrogen . . 
Oxygen . . . 



50 94 
18'Q9 
8*01 

14-69 
12*43 



I. 



II. 
50*34 

18*26 

4*05 




100*00 



lOOKIO 
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The fomrala deducible fnun these anfUyees is Pt C3 O^. From tins tbe name- 
rical reiDlU should be as follows : — 

One equivakiit of platinom = 98*8 50*88 

Oae equivalent of chlorine = 35 4 18-21 

Two equivalents of nitrog'en = 28-2 14*51 

£ight equivalents of hydrogen —HO 411 

Three equivalents of oxygen = 24 0 12 3 i 

191-4 lOUOO 



By the appHcatioti of a gent le heat, some water. a|)pai ontly of hydnitioii, may be sepa- 
rated from the substance, it however duc-i nut exceed one equivalent ; when dry, 
therefore, it probably consists of Pt CI Nj H; 

Tbe relation between this formnht and that of the brown snbstance last de- 
scribed, is exceedingly remarkable, for the above may be considered as consisting of 
(Pt O, -f-NH^) +CINH4, when dry dilTeriug from the brown substance in con- 
taining twice as rnnch jal-aminoniar ; aiul this relation is supported by the circnm- 
iitance that by prolonged digestion in a solution of saUaumonioc, tbe brown sub- 
stance may be converted Into this white snbstanee. 

This body becomes remarkably of interest, inasmuch as the compounds which it 
forms with adds are found to be identical with the interesting class of salts recently 
described by Okos, and that this snbstance is indeed the compound base wliich Gros 
considers to be uriltcr! u-ith the acids in the bodies which he described. The formula 
which he assigns to the base he hypothetically assumed wa.s Pt CI N2 IlfiO, identical 
with that of the substance just described, with the exception of 2 aq, the separation 
of which is rendered dilBcalt by the fiicllity with which the body is decomposed. I 
shall hereafter have oceaaon to notice tbe influence which our thus finding Gros's 
base in the present series must exercise on the views which be pot forward, but for 
tbe present 1 shall pass to tbe additional experimental matter. 



£. If, in place of precipitating tbe ammoniacal solution in the cold by alcohol, it 

be boiled violently so as to expel all the excess of amnioiiia, a (juatifity of the body 
last described falls down mixed with another of a pale brick- red c<)h)ur. To (»l)tain 
this last pure, the solution must be evaporated rapidly witli el>iiHition to perfect dry- 
ness. If then auy particles of white or yellow still remain, the mass must be mixed 
op with more water and again boiled unUI ultimately a pale brick->red, or a liTety 
flesb-red powder remains behind. 

The liquor obtained by washing contains much sal-ammoniac. 

This powder when heated g-ivcs off water, sal-anirnoniac and ammonia, and leaves 
metallic platinum. Boiled in water of ammonia it regenerates Ghos's base. When 
boiled in muriatic acid it produces a yellow isolution and a white powder, and by 
boiling in a solution of sal-ammoniac the muriatic salt of Gaos*a base. 

UDCccxui. S a 
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It wats analysed as ioilows : — 

]9'077 grains, ignited with carbonate of «oda, gave O'SOOof metaltic jriatinuni, or 
50*11 per cent., and then 22*627 of chloride of direr, equivalent to 29*35 of chlorine 
in 100. 

21-963 grains gave, by ignition with oxide of copper, 6745 ofmiter, indicating 3*41 

of hydmgen per cent. 

Another portion dried at a higher temperature and siiuilarly treated, gave 3*34 of 
hydrogen in 100. 

33-478 grains gave 14'8295 cabic inchefl of pure nitrogen at 30 barometer and 33^ 
Fahr^, amounting to 14*21 per cent. 

Hie formula to which this analysis points is Pt^Cl} O^, from which the 

numbers follow : — 



Two equivalents of platinum . . 


197-6 


5077 


Three equivalents of chlorine. . 


106-2 


27*29 


Four equivalents of nitrogen . . 


56-4 


14-49 


Thiiteen equivalents of hydrogen 


13-0 


3-34 


Two equivalents of oxygen . . 


160 


4-11 




389*2 


100-00 



The relation of this substance to that last described is easiiy to be seen ; it con- 
sists in the union of one equivalent of muriatic acid to two equivalents of Gros*s 
base. It would, iiulft'd, upon the princii)les of tliat rlicmist, stand in the singular 
position of an oxychldiide of his compound radical, for it is evident that (Pt CI N.^ 
Hfi) O 4- (I*t CI Njj Hg) CI = Pt. CI., N, O + 2 aq. Evidently the manner of 
formation of this substance is the expulsion <^ ammonia from Gaos's base by Che tem- 
perature of ebullition and the subsequent combination of the sal-ammomac of the 
liquor with the body so evolved. Thus Ci^ N^ H,^ losing N H, becomes Ptj 
CI2 N3 H, 0„ and by the addition of N U4 CI forms the body in question, Pt, CI, N4 
H,jO,. • 



i have not hitherto stopped to consider the precie^e manner in which these several 
bodies are derived from each other, or from the chloride of platinum, and in order to 
see rooi« clearly their natural relations, it is necessary to make the change already 

noticed in the commencement of this paper. Ammonia being amidide of hydrogm, 

and nothinj;^ occurrincr ni the chain of rearfions now studied to distnrli its constitu- 
tion, I Nliall for tlie future look ii])on the nitrogen as existing in the State of amido- 
gene, uiul the formula' ahcady described hecome then us fuUows: — • 

A. PtCljNHs =PtCl,-f-AdH. 

B. Pta Clj, = Pt^ CI5 Ada H; 

C. PtjClNsHioO^ sPtsClAdsHfO^ 

D. I>t CI Ilg O3 = Pt CI Adj H4 O3 

E. PtjCljN^ HijOjt = PtjClj Ad< HjOb. 
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If we were disposed to consider that the principle which was found so remarkably 
dis[)lay<*<) in the instance of the mercurial compounds held with platinum, and that 
in tliose Instances where oxygen was present it should he looked upon as existing' in 
the estate of water, we might find here numerous additions to the class of uietuUic 
amididefl; thuB the body C. should become, doubling the formula above writlen, 
Ft Cl« + 8 Pi Ad^ + 8 H O, and amibirly with the others. But it u exceedingly dif- 
ficult to say when Pt and 3 Ad H act on one another, whether they unite directly, 
or wliether they mutually decompose, forming Pt Ad.> and 2 11 O, which then unite ; 
this (lithculty exists in all case? where the water cannot bp separated without the snb- 
iitance being completely decomposed. I would pu^tpuue fur the moment the cousi- 
deration of this point, and for the time at least lo<^ upon the hydrogen as being 
eqoaUy essential mth the platinum as a constituent of these bodies. 

The formation of the first substance described requires no remark. I find that the 
same body may be produced by the action of dry atnmoniaral pis upon chloride of 
platinum. There is absorbed about II or 1*2 percent., iiidicatitiy^ one equivalent, 
Pt Clj + Ad H ; but if the current of gas be continued a white powder is obtained, 
formed by the amon of two equivalents of araroonia to one of platinum, and. which is 
identical with the muriatic salt of Gaos, of which the formula may be simply written 
Pt CI, + 2 Ad H. 

It is evident that the body B. cannot be produced directly from the perchloride of 
platinum, us that does not contain the quantity of elilnrine necessary for its constitu- 
tion, and indeed, if we examine the ammoniacal liquor from the hrst commencement 
of the formation of the fewn-coloared substance, it will yidd the body D. on the ad- 
dition of alcohol. I consider therefore these two bodies as bang of nmultaneous 
origin, there being formed from 

3 PtCI^ with 4 Ad II and 7 11 O 

Pt._, Clj Ad, H. O, and Pt Cl Adj O.,. 
From the fawn-coloured Mibstance B., the brown body C. may be simply formed, 
four equivalents of muriatic acid bcinir removed, and one uf ammonia given in their 
place. This is not equivalent substitution, but it still sliows the origin of the body. 
If, however, the &wn-edoured substance all passed through the brown cMidition,the 
quantity of this last generated should, I conudo*, be much greater than it actually is 
found to be, and hence I am inclined to consider that 

And ten atoms of ammonia AdioHu, j ^ '» i* m a 

there are formed 

One atom of C PtClAd,II,0, ' 

Two of Gttos's base city . , Ptj Cl^ Ad^ Hg O, I Pt< Clu> Ad^ HaiOg. 
Seven of sal-aiuinouiac ... C\j A<ij . 

3bS 
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One i^uui'ce ol' the ori;,nii of tin- body D. (Gnoss buse) is thus explained, but it may 
be produced directly IVuiu tlie I'uwn-coloured substance as follows: — 

One titou) of B Ptj CI5 Adj H, J „ . . . . 

Fiveofaminonia AdjH* / Ad,H«0, 

produce 

Two atoms of Gaos's base . , Pt2Cl2Ad4H6 0^j Ad II O 
Three atoms of sal-ainmoniac. d^AdfU^ j i 1 a *- 

In tUis case no brown substance (C.) should be formed. 
The orif^in of the body £. from Gaos's base has been already noticed. 
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logical Soeia^ of Loodoo* on tho 19tb of Fobnuy 1841. 8vo. L ta i m 

1841. 

BULLOCK (FM.) A LcMer to C^^ BHafiic^ RH, FJLS^ dwerip' 

tive of the Refuge Beacon, ernctcd on the Gotidwin Sndip iMiaaifmied 
vith two lithographic drawings. 8vo. London 1842. 
BURT (T. S.) Namtive of • lata fltem Vojagt ftnn Bii|^ to ladik, vm 

the Mcditcrraiii oji. Hvo. CtdeuUa 1840. 
CHALLIS (Rev. Jas.) Astranonkal Obwmtioiia made at the Observatory 
■t Cambridge, Vol. XD. 4to. CbmMe^v 1841. 

CHARLES (— ) Nouvelle Solution du Probldmc de I'AttnwtiOK d'nB dlip> 

siiidi- lu'tercgdne sur un point ext^rieur. 4to. Pari* 1840. 
CI VI ALL ( — ) Traits Pratique sur les Maladies des Organos G^nito-Uri- 

naires, 2"* et 3"" Parties. 8vo. Parii 1841. 
COSTA DE MACEDO (Joaqupin Jos6' da.) Discurso na Sf-ssilo puWi< a da 

Academik Real daa Sciencias de Lisboa, 15 de Moio 1838. 4to. Luboa 

1888. 

CREUZE (Augustin F. B.) Treatise on the Theory and Practice of Naval 
Architecture ; being the article ShipBnikUog in the Encycli^ttdia firi- 
tamiea. Tib ecKtioii. WIdi 18 phtea. 440w AinstoyA 1841. 
CURTIS (J. H.) The present state of Aural Surgery ; being the substance of 
A Lectura deliTered at the Royal Disjiensary for l>iieaiea of the Ear. Svow 
1 1841. 



Doxoaa. 

The Author. 

The Author. 
The Author. 



Tlie Author. 

Beriah Botfield, Est}., F.1L& 

The Author. 
The Author. 

Thti Author. 



The Author. 

Tlw Author. 

O. Renok^ Eaq., FJt& 

Tha Author. 

Thu Author. 

The Author. 

The Author. 
Tha Att^. 

The Author. 

The Acadany of Lidwu. 
Tha Author. 
The AuAor. 
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PlMWTi. Donors. 
Davy (John.) On the Qtuurantinc ClaAsificatioa of Subsunces, with a view to Xbe ^ iHtUffTi 

the PiTvcntiun of Plague ; from tlie Tranaactions of tha Rojat Sooifl^ ot 

Edinburgh, VoL XV. Part IL AU>. Edinilnirgh 1842. 
D6MID0FF<M. Aaatakw) yaf^»dM»1»RtHii0Mlridkmk«kbCiia6h Tli« Author. 

par la Hongrie, la Valachie, et la Molda%ie, ex^ut^ en ISfH, sous b^Ulw 

don <le M. Anatole d« D^midoff. Linaiaon Folio. Paris. 
DENDY (W. C.) The PUlaMqdij of Kpltaj. Bm. Lamdam IMl. Tin Avihon 

DENTON ( T. Rally .) OiilUao of • metiiod of Modd-mvping. M«dWon. Ite AvOob 

Svo. Limdun 1841. 

DTnOLLES (Leroy.) Deuiama Lattn k XAnMmm d* MMmsm w b Tk* AwOor. 
dissolatiw dci Cdoub UriniiMi ot lour tawtamnt eUmlqae. 9m, Bafi$ 

1841. 

DIEN (Charles.) Alias des Pb6iioiit«bea Celestes, 1" anu^e 1841. 2adediuuu. luc .^utkur. 
4to. /Wm IMl. 

DOVE (H. W.) UrbcT die nicht periodischen Andcrunjren der Temperatur- ThoAodiOr. 

vertheilung auf der Oberiache dar Erde in dem Zcitraum too 1782 bia 

'18991 4«D. Baibt IMl. 
DUMONT (A. 11.) HapiMtrt sur k-o treTMuc de k Cute 6teilqgiq«e pondut Th» Aathnr. 

lann^e 1841. 8vo. BruxeUei 1841. 

— MtiDoiiemirliMTffrdin'nriHriiiiw ot JnuriqiM dB h ThcAidMir. 

province de Luxembourg. 4to. BruxeUu 1841. 
DUPIN (ChariesL) Sar I'lmportttion dea CMnloa dau la Gnnde BietigDe. Tha Author. 

8vo. Pant 1844. 

DURAM(J. A.) EaqaiMe d'onethdotie awlaLuiitff^oartnkitedtt oodsds thoAwthor. 

crratinno iinivpr«(>nr<! rxpliqu6c!! par nn prinoipeiuiqiUi d'Ofvti 1* aoUfOU 
tsysHiae ^tabli. 8vo. Bordeaux 1841. 
— ~ Code doa Crdotku wiIv«iHll<o«t delft Vie dMteei. 8*0. ThsAvllion 

Bordtxiux ]fi+l. 

DUTROCHET (— ) Rechercbea Phyaiquea sur la foroe ^pipolique. 8vo. The Author. 
JVwl84£. 

ENCKECJJ:) BwUner Artwomladice Joh i buch fur 1 843. Svn. 77^-n1841. IkeAvthor. 

■ I fur 1844. 8ro. Berlin 1841. 

!■ ' Cartes C6leates publi^es sous lea auaptoea de TAeedtaie - 

Koyale d<>s Sc iences de BorilBi Nik 17 Ot 1ft omc Iw OililaBiua dia 

f-tollf'S. I'olio. Berlin 1S40. 
EiSOP. Esop's t'ableis written in Chinetc by tiie Itiorowi Mun Mooy Seen. The Rev. D. Thorn. 

Sheet, % hia Sloth. 41a. 
FLOUHENS(P.) Analyse RaBonn6c d(>s Travaax de GeoiyM Onriar, prt- TheAuOer. 

cMte de sou Eloge Hiatorique. 12mo. Paris 1841. 
FORBES (J. D.) Oo the llieafr aied Coeatmolieii of • SthewMter, or In* Tlw Ailhor. 

strument for meatnrtaf ooithqwhe ahecko and other ewicwrioMi 4to. 

Edmburgk 1841. 

FORSTER(T.} PfailoiQiie{«rttenlrefleodoiwon dioMtuiloaiidlliettofdw TheAudior. 

eoinai khq^doni and «b the neons of improving the aama ; with aaawraat 

aaeedoitea and illustrative notps. Svo. Bru-itrh P'^f). 
ii^— Obser^'ation* on some curious axid iiitherto unnoticed abnor- — — — . 

Del afllKtloBa of the orgBBa «r lOBae end litaOaet, and «■ ether aalgaatB of 

Fhjaiohigr' Bfo. TWri^ v WOb 1841. 
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FORSTER (T.) lUuslration* of tie atmoupheric origin of Epidemic Diaeasca, 

■ The IlencbelMn Telescope Song, a SbceU 4to. Ttmbridge 

— Pan, a |ia.st..ral of th* Ant igit Mgctlwr wiib tonB Other 

Paenu. 8vo. BruutU 1S40. 
FRANCIS (J. W.) A Diioounei delivered upon the opening of the New Hall 

(if till' \<'«--York Lyceum of Natural Historj'. 8ro. New York 18+1. 
FKAXCIS (G.) DictMiMf; of the Arta, Sdenoeai and MuniiutaM. Sro. 



DONOM. 

The Author. 



TIm Attthor. 
Tiie Amhoik 



Jamea Orchard lUliwell, 

£■^•1 FaR>& 



London 1842. 

FRYER (MidmL) An Introduction to the Geometrical Analysis of the Aa> 

cient« : intrrlrjjvc d with manu'cripl ticAm liy tin- iiuthor, being hit prcp^ 
ratioDs for a new edition of the work. 8vo. London 18IU. 
GERBER(F.R.) Ebncirisor tfaeg«tenlMidninats Anntomjof Mutand Goo. Onffivar, £19, F.R.8. 

the Mammalia, chiefly after origmal researches : to which are appended 

ootet and an appendix, by Geo. GuUiver, Em)^ F.B.S. (one vol. and an ' 

adaa.) 8«o. Lottdm 1842. 
GLENN (Jas.) The real nature nf the ctrctncal fluid, • xplained and illus- 

trated by nnmcKNit foolty and alto a cauae aaaigncd for the PoUiily of the 

Magnet 8vo. MarratMt lS4a 
GLIDDON (G. R.) An Appeal to the Antiquarie* of Europe on flia Dailnie- 

tkm of the Monnmenta of Egypt. 8vo. London 18+1. 
— — — ^— A Meawir on the Cotton of Egypt 8vo. London 1841. 
GOULD (J.) The Biida of AnrtnUa, Futa IV^Vl. Folio. Zwwfcn im 



Th» Anlbor. 



Tim Attthor. 



GODWIN (Geo.,jun.) Fen and Pencil £>kctchcs in Poitiers and Angou- 
MoM, with aofDe remariea on eariy nraihiteoliitek iSmo. XondSra. 

C'lKAHAM (T.) Elc-iiiciiLs of Tin ml^fn-, Part VI. 8vo. London 18*2. 
(iRANT (R. E.) On the present state of the Medical Profewion in England. 
Svo. Lmtm 18#l. 

GRANTHAM (John.) Iron ax a Material fur Ship-buildiog ; being a 
eommunicfltioo to the Polytechnie Socie^ of Liverpool. Svo. London 
IMS. 

GRAVES (Charlea.) Two Geomntrii al M I'liKiirs on the general properties of 
Cone* of the second degree and on itiu >]ilu ricul Cnnics, hy M. Clia-sles, 
translated from the French, with notes auid addition»s and an Appendix on 
the applicatioo ofanljrii to Spherical Geoneury. 8«0i. Jntihi IML 

GREGORY (W.) Letter to the Ht. Hon. Cnorg.-. Eari of Ahrnlrra, K.T., 
&0., &o.> 00 the state of the Schools of Cheroi^itry in the United Kingdoto. 
8vo. MMtion 1848. 

GROVE (W. R.) A Lecture on the Progress of Physical Seienoe liaea dw 

opening of the London Institutioa. 8vo. London ISiS. 
GULLIVER (G.) A Catalogue of Flaata eollected In the nc^glihowlMNid of 

Hanburj-. ISino. London 18+1. 
HALLIWELL (J. O.; On the Character of Sir John FahiUff, a» originally 
ejdiibited by Shakapearc, in the two parts of King Henry IV. 12mo. 

iie4L 



The Maninit of Northaiii]i- 

ton, Pna. i^the R.S. 
The Author. 

T^f Author. 

The Council of the Medical 



Mr. Weal*. 
The Avthor. 

The Author. 

The Author. 
The Avthior. 
The Anthor. 
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Preskkts. Donobs. 

UALLIWELL (J. O.) An Account of the European MuHucript* in tl» Jaa.H^«iiod, £«].( F.R.8. 

Chetham Library, Mancbater. 12mo. Manekesttr 1848. 
The AfamMilpt Rnite «r the Univenity of Cam- Hie Aathoc. 

bridge. 8vo. iMudon 1811. 
IIASSLEU (F. IL) Ueport, thowiDg the Progress made in the Coaat Survey The Author. 

HAUSMANN (.T. r. I.tiJu.) Versuche zur Be$timmiing der Efaitidtiitaiid ThsAmfhor. 

Fotigkeit verschledener SubeiaciuonD. Svo. Hanoeer. 
^— — — — — CMmuntsitio ds sni opHiintiMniB iMlilhir* < i 

gicariiin ad diM|ui»itioac» gcologicas adjuvandas. 44d. OMugm 1898it 
HENDERSON (Thooiu.) AitraDomicalOhMrvttiaumdaatfheRofalO^ Her Miyeiftjr'* Governount. 

iemtwy, Bdinbnislk V«L IV. for 18S8. 4to. ESftm^ 1841. 
HER8CUEL (J* F. W.) On the Advantages to Ih- attained by a revision and TheAufliar. 

re-arrangement of the Constellations, with especial reference lu th(>--c of the 

Southern Hemisphere, and on the principles upoa which such re-arrauge- 

mentoiigktlolMeoiMlnctBd. (from th« Boytl AetntMnleel Awieiye Me- 
moirs, Vol. XII.) 4to. Lonthm lS+1. 
'UMUrOY FIAIAS. Litem Digamma rcstituta : ad metri leges tedegitetootatiooe The Editor. 

biwi illutimTH llieaiM abawBiaitdfetb, P.RJ9b, S toL Sto. Liomia» IMl. 
HOPKINS (W.) llicort'tic^l Investigations un tfc« Modou of Gfausien. (for The Author. 

private circuUtion.) Svo. Cambridge 1842. 
HORNER (W. E.) end HAYS {huts.) DeMription of en entire Head ud The Andraiib 

viirioui other Bones of the Mastodoo* 4to> 1840. 
HOWARD (Luke.) A Cycle of eighteen jem b the Seasons of Britain ; de- The Anther. 

duced from Meteorological Obaerratione made at Acfcvortb, in the west 

riding of Yorkshire, from IMi tolMl. 8vo. Londom 184S. 
HUMBOLDT (A. von) On tiro attcmpu to ascend Cbimhomzo ; translated The IVniidntor. 

from the German by Dr. Martin Barry, FJB.& (two copies.) Svo. JUdin- 

INSTRUMENT. 

A CepbahMcope, ioveitted by Mr. J. Harrison Curtis. Hie Inventor. 

JOHNSON (Cnfh. W.) An Aoeomt of the Application of Gypenm as ■ Mn> The Anthor. 

nure to the artificial Grasses, a prize es«ay. Svo. London 1841. 
JOHNSTON (Jaa. F. W.) Elements of Agricnttunl Chemiatiy «ad Gcotogy. The Anthov. 

ISmo. jEUinft. and LpmL 184S. 
• Leetaieo w Acrienknnl Chemiitiy «nd Qtdlngft Tha Anthor. 

Pbrt L Svo. Lomhn IStl. 
JOURNALS. 

Auialea dee Warn, Tome XVIL, XVIII. «t SIX. 9^ itfrie. 8*0. Furia EookdsMineh 

1840-41. 

Annals of Electricity, Magnetiam, and Chemistry ; and Guardino of Experi- The Editor. 

nentnlSdence; eoiidnfl«ad^mHbm8toi^{eon,M.SJUAomM«7lB«l TlieEditoiv 

to June 1842 inclusive. S%o. London 1841. 
Autuaire du Jonntal dee Mines dc Russie t ponr 1835, 1836, 1837 et 18S8> The Ruaaian GovemmcnL 

mree va volnme d'brtndnctiain et Tdilaanit Slatiitiqnea. 8 voli. Sroi. 

SL Ptitmlntrg 1840. 

The " Anronomische Nachrichten," Vol. XVIIL and Nos. 433 to 446. edited The Edttoc 
by IL C. Schumacher. For. Memb. ILS. 4to. AUona 1841. 
MOCCCXUl. h 
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FMmam. Dokom. 

JOURNALS (continued). 
Brituh and Foreign Madioal Review, or Qntuterljf Jouraal of Practical Mcdi> Tbe £dit«r. 
cine and Suiter) , No. 96 Md ST : editad bjr Jolm Forim* MJ>, F.B.S. 

8vo. London 1842. 

Uiomiili' ])ct smm at progmri doik Atahigis e deli* Thwnyewtica. ftw.40. Dr. Naaiaa. 

8vo. Venezia 1810. 

L'fartitat, Jo«nwl UnivwMl dw 8oi«iM» iMtiaa. Nik 75. pour Man Tke Editor. 

184'-'. Folio. Pari* 184?. 
Journal of the Au«tio Society of Beogkl ; No«. 21-43. New Series, tiva The imcietj. 
CbimMi 1840 ud 1841. 

UdfaanlGanllHaB'aScMtitddlUpodlairbrlTSS. 8v» Janu^ Orchard fldttweO. 

E»q, F.R.S. 

Londoik Edinbuffh and DnUin Fhiloaaiildoal Magttiiie, Jdy 1841 to Joae B. Taylor, E»q. 

1848 incliuivc. 8vo. London. 
Micfoacopic Journal anil Stmcttu*! B<eoanl» aditad bj Dasiel Coafcr, Baq^ The Editor. 

from July 1841 to July 184S. 8to. Lottdm I84S. 
Nautical Magazine, July 1841 to June 1842 iucluaive. Svo. lAmdon. The Editor. 

Quarterly .Tuiimal of MetooMtlogy md Flipieai Science, No. 1 and S. 8to. Hie Editor. 

London 1(^42. 

Sepeitory of FhteiiilB«aatiaai,Jalr 1841 to Joae 1849. 8vo.£«Mfai. Tin Editor. 

TijiNchriri voor natuurlijfce Ge^rliiprli-nis m Itiysiotopie door J. v. d. lIcMn-(>n TVa EditOffa. 
cu W. H. de Vrieie, Vol. VIU. p. 2-4 and Vol. IX. Part L Svo. Lekk» 
1841^ 

United Service JouiiibI from July 1841 to Jiiae 1842 toebim, 8ml«Hbii Hie Editor. 

1842. 

KOPPS (J.) at MIGUEL (P. A. W.) Flem Vttmn, N& in. Ho. >4fli. H.M. tin King of the NV 
tterdam. tlierUnds. 

KUPFFEll (A. T.) Travaux de ia ComroiMion pour fixer les Meaurea et lea The iaiperial Acadaoqr. 
Puid» de I'Empire de Ruaaic, Tonic 1** et 2***, avcc dc« Plauchcacn Folio. 
4to. St. rttttAemg 1841. 

I AniiunIrL' ^Tn^rn6tique et Mitteralogitaeb fNiar aoufa Lo Conto de Caacriaft 

1889. 4tob St. Pt^tbourg 1841. 
LAGHAN6B(-^) MMuHiii|iie AadytiqMw (lat edition.) 4tow M* 1788. & Hnnter Ch(ietie» Eaq.» 

M.A., Sec. R.a 

LAM ONT (J.) Ueber daa Magnetiacbe Obaerratorium der Kdoigl. Stem- Tlie Author. 

w«rte bd Miineben. 4to. IftinelMi 1841. 
LARREY (Lc Baron) RiUUonMMleitodeCMDiM^etVer^de 1815 TboAiiaor. 

i 184a 8vo. Ptmt 1841. 
■ - Notice sur rEAeaeit£ da Moza at anr tea Idcod v^nienta The Author. 

do Gdvanianie dana eertalnee aCvroaea on oflfectioiia pnnljrtiqvei. ito. 

Pari* 18-10. 

LAWSON (H.) Meteorological Journal kept at Hereford, for 1841. 8vo. The Author. 
Bw^ui 1841. 

LEES (J. C.) Meteorologictd Jnuntal for IRK), kept at NiMaK. New Plrovl^ Sir John F. W. HencM, 
dance, lat. £5 N., ton. 77 W. Folio. Ba&aauu. Bart, FJL& 

UTTROW (J.) nnd HATER (Lambert.) Annalen dnr K. K. Steniwarte ia Tbe Anther. 
Wu-a. 12 Tbeil. Folio. fVien 1832. 

LLOYD (Humpk) Acoonnt of the MagnetiGal Obaervatoiy of DaUia and of TbeAutber. 



Digitized by Google 



C U ] 

Prksknts. Doiion. 
t)ii> Infttraiuati and Methods of ObiervitiOM auployed then. 4to. Ihib- 

LONGO(Agiliiio.) EloMotifiFiloMiaNiliinb. 8tc^ iKi»fi IM^^ Hie Author. 

LOUYET (M.) Notice »ur un nnuvrau mode dc ocigiede* Mteas, |Mr Hm Author. 

«oi< humide ^ oounnt voltAlquc. Kvo. BnuctlkK 
LOUYET (P.) Mtedn t«r roboofptfoii dei Baboot M <laBiqaai pur ko The Aathor. 

PUntes. l2ino. AwmHv IMl. 
MANUSCRIPT. 

lUdOfaHrntionatLitenKM^iBlSSI^eiMUtmgtho in^^ Sir Join W.L«dbbo«k,B«it., 

low water-period* ; the whole vertical ntngc throughout spring* luid neaps, V.P. oad l^aH. B.& 
and the detecting the half-tide level at the Srd hour before and after each 
high mier ; by Captain Henry Mangles Denham, R.N^ F.il.S^ Ao. (M&) 
Folio. 

MAI'S AND CHARTS. 

Adminlty Chart* in continuatioo for the year The Lords ComnutDiooen 

of Ae AdninMjr. 

Atlantic Stnani Packft CKart, showing the linr nf conimiinication with North Tin FklUiahir. 
Auierica and the West Indies. Scc^ by James Wyld, Esq. large Sheet 

Gioaad-iilan and loogitudiiiil Saotioa of tha Canal tan the Danube to <ho The Royal Conmiasion of 
Maine. Four Sheelik Pablic Worlu at Munich. 

MaptomiiitiitetfaeWiriBCUDa,eom]iiled ilNimSBfffiaaiklSlM^ TfaePaUithar. 
Dritifth Officers aod other ioftnutfioB } hf Am WyU, Esq. Laige Sheol. 

r.nnilon ]S4'2. 

Ordnance Map in continuation tif the Trigonometrical Surrey of Great Bri- The Master-General of the 
(■111 ( Sheets Nos. 77, 78, and 87. Folio Sheets. OfdoaMe. 

MENAllREA (I., r.) Ciil' ul t!t la l>rnwt<> de laTerrp suivi d'un m(-nioire mir The Audior. 
un eaa »p^cial du mouvemeiit d un pcndule. (From the Meawiis of the 
Tarfat Aeademjr, VoL IL SoBonI Sariai.) 4«o. IMi. 

MODEL. 

Model ill tended to represent the double Spiral constituting " Fibre," and more Dr. Martin fiarry, F.RJS. 
partieularly the ■MMealar** Fibril" aa doaeribed in a paper read bafora the 

Ri>yal Society, I6tli December 1841 ; by Dr. Martin Itarry, FTR-S. 
MOOK (Edw.) BeaHogi Bella. An Aoeount of the mysterious ringing of The Author, 
balls at Gieat BcaKngi, SnAtlk, in 18S4, and in other parts of England. 
12mo. Wocdbridge 18+1. 

MOUNTAINI^ (Dvdynius.) Tlif (".aril-'iuTs I.iibyrintli ; priiit.-d in lilack let- S. Hunter Christie^ Eaqn 
ter io the year coutaiuiug an autograph oi H. h'ariuer. 4to. Lottdon Sec. Royal Society. 

1578. 

HUDGE (VV.) and FRAZER (G. Alex.) Sailing Directions from tlif North- The Lords CommiMionera 
East, North, and North-West Coasts of Ireland. 8*0. LandoH 1842. of the Admiralty. 

MURCHI80N (R. L) Addreaa deiivend at tiie Amnvenary Meeting of the The Author. 

Geologieal Society uf London, I8th Februarv lSt^2. Svu. London 184'2. 
. Address delivered oa the first meeting of the Dudley — — » 

and Midhnd Geotogieal Sodctjr, Jannaiy 17, 18M. %n. LoMhm 1842. 

NE\V -\I AN (F. W.) The difficulties of Elementary Geometry, especially those The .\uthor, tlirough the 
whieh oonoem the straight Ime, the planei and the theoiy of paiallds. Syq. Hev. B. Powell, MJL^ 
Lomdon 18il. F.R.S. 

h3 
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Fkunm. DmtOM. 
NOAD (H. M.) Six LcctufM «n CtmStttj; huMbtg tta appltalioM in tbe Thv Author, through John 

Arts. 8vo. London. Tho. Mftjme, Eaq-, f.HJS. 

OHM (Mutis.) Der Gabt der Matlwimiitlwhwi Amljiii waA llnr yerhiiltK Hw AoAor. 

7.ur Schule. Enle Abhandlung. 8vo. Berlin 1842. 
PARAVEY (— ) M^tnoin! nr I'Origiiie Japonaise, Anba ct Buqn, de i* Tbe Aatbor. 

civil'iMtion dea Peuplcii du Fhtnu de Bogota, d'aprii lei tnnnx rfioans dt 

MM. dc Humboldt et Siebold. 8vo. Pan, 1835. 
PASCH (G. E.) ArsbenttdK om Xeciiooklgieiis Fnaatift 18S0. 8iro. The Academy of Soieoeet. 

StocMolm lim. otSwedm. 
PASQUIER (Vidw.) MoDacnpliis da Madi CalM, Madia SaHm. 8fo. The Author. 

/:%<• i«4-i. 

PETTIGREW (Thw. Jos.) Encyclopedia i£gyptiaca. or Dictioouy of £gyp- The Author. 

tfan AntfqiiJtlaH No. 1. 8vo. London ISM> 
FEZZGKI (Antoiae.) Lettre jirpmh-rp ii Mons. Ic Doi ti>ur John Davy, In- The Author. 

■pectear-Ute£iml dea HdpiUux Militairc* dc la Gmnde Bielagnei Meoi' 

bre de la SoeiM Boyale de Lotidna. etm ete. aa wyet dea aeeidenta de 

peate survenut taut au I.azaret de Koul^ly qu'a I'ile de Proti a la smtt- du 

navire Octoman eontaiulnt- commandt- par lo Capitainc Yazidji-Oglou M^- 

b«nM!t, proveoant d'Alcxandrie d'Egypte et arrive datu cette (»pitale, le 

8 Jnin IBil, et dea trot* antrea mvlns mww du ntae poet qodqaei joon 

aprt-H. 8vo. ComtantiHopk 1841. 
PHILLIPS (JohiL.) Figures and Descriptions of the Paleozoic Foaails of Com- The Author. 

wan, Devon, and Weit Somenett ohaenwd in the eornw ef the Ordnance 

Geological Survf V of that District. 8vo. London 1841. 
PICTET (F. J.) HiiituiTc NaturcUe g^^rale et pwticulidre des Insectes N£u- The Author. 

roptirea t prennlfB nHnograpluei fiunille dei F^dea. K ft al ioiia 1-7. Svo. 

Paris 1841. 

PLANA (J.) Mfmoire anr diCSreiw Procidfr d'lnttgratioa, par leii|ueb on Tte Author. 
oMent I'attiaetloo dVa dOpadlde homogtee dontbatrabaaeaaeatiaft. 

gaux, sur un point ext^rieur. (Extrait du Joaraal deaMafhlaHtiqncadeM. 

Crelle. Tome XX.) I to. Turin 1838. 

■ Note, oil I'on expUque une remarquablc objection faite par The Author. 

Ealer en 1751> oontra une donate par Newton dana aou aiHhailtiqne 

unutisoIU'-, pour pxtrairp la racinc il'iin liinomc rfrlifcln '''tmir v'<»+ >/^, 
qnelque aoit le degre impair de la raciue demandt'e, >i tuutefois ellc est 
poiaHilei. {Eatralt da Jonraal dea Mathlnalaquoa de M. Odle. Toaie 

XVII.) ko. Turin 1 S^t;. 
POCOCK (Levis.) A familiar explanation of the natnra, adtrairtage% and inn The Author. 

portanoe of Aaaarasces upon LWea, in. 8vo. ZanditM I84S. 

A Chronologioal lilt of Books and Pamphletsi relating to ■ 

the doctrine of chances and the rate of mortality, annuities, revrrsion^ ma* 

rine and fire insurances and life-assurance. 8vo. London 1842. 
POOIt>LAW. 

Annual Reports of the Poord<aw Comaiiiaioaen from 1896 to 1841. 8vo. Edwin Chnrlwick, F,«q.. Sr- 
London 1836-41. cr^ory to the Poor-Law 

Report of the Poor-Law Commissioners for IRSfl ami on tlie Admi- ■ 

oistntion and i*ractical Operatioa of the Poor-Lawt. 8vo. London 1834>. 
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POOR-LAW (ooMtinued). 
Rapori m tte fiurtlMr 



PklUllTt. 

of tlw 



tn DMaubor 18S9l iw> 



RcpOfti oo the Training of Um Ptoper Children. 8to. Limdon. — 
Three Reporto oo fhs PlM»Inr of MmmI; OcMge Nlekolh^ Bh|. Svb. 

Ixrudon 1838. 

An Act for tiie amendment and bettor administration of th« Laws relating to 

dMFMrinEagbiid«iidW«laa,puMdl4tliA«giiit,188«. Ifino, £««dbM 

1 83 1. 

An Act for the more efiitctual relief of the Destitute Poor b Irehud, with ■ ■ - 

hotai, *en pHMd Stat J«lr» 1886. Iton. Imiim 188A. 
PORTAL (Placido.) Storia di doe casi d'AUacdaitiin d'Aitarioi mik allk fe- Th» AnAor. 

nonde, I'altra all'iliaca estcfM. ISuo. iftyott 18S0. 
POWEUi (Baden.) A gt- iieral aad efemeniary orOs UadibibMy Theoij, Hm Antbor. 

ttApplkdtollMdiqporiottarUgli^andMiiieo^ Svo. ZoiidfaH 

!S41. 

i-'Ki'i'CHAHU (Andrew.) A list of two thouaaud microscopic objects ; with The Author, 
mauds on the drenktiao in ■ainub «ad pbuili^ tlw melhod of viewing 
crystals by polarized light, &c. 2nd editioD. Vlmin, London 1842. 
QUETfiLET (A.) Annoaire de l'Obscr>-atoire Uoyal de BruxeUes, pour laan^e The Author. 
1848. ISmo. BnaaOm 1841. 

Instructions pottr rObserration des Ph^nomcin^ pC-rio- i « 

diqaea. (Extrait du Tome IX. N<k 1, dee BaUetiw de TAcedtoie Rojale de 
Bmzellea.) Svo. BnoBita 1848. 

Magn€tiime Terreatub (Entaiit dm Tone YIIL Ilo> ft dM 



BdwtB ChaivUk, Emi^ Se- 
ONtaiy to die YtM-lJiai 



BoUeliiii.) 8TO. BnuxiU* 1841. 

M£t4orologie. 8vo. BnutJkt. 

— NoQvcoa Catalogue dee Frindpelee Appaiitkiu d'EtoOea 

FiJantes. Ito. Drtirtlks 1R41. 

Observations Magn6tiqu», fiutes, d'aprvs la demaode de la 

SoeUtd Bople de Londna* 4 BnaaUaa^ d Muidi. «« oer le Holi«i>I^ 
eanbeig. Sto. BnueeUeM 1841. 

- Ph^DomdiMa p£riodiqaea du R igne V^^tal. 8vo. JBnuella 



1848. 

. Phyidque du Globe. 8to. Bruuels 1841. 

— 1 1 BagpartDteaiuioldc»IV»v*iizdeI'Aoad£niieBoyaledea 
>«tBelb»tetti«>deBranilMd4oiBl8Sa 8to. AwHblSM. 
— Rapport sur les Tranux de I'Aeidtoie Boyak daa 8d> 

I C( BcllCi T r ttn- lie BruxeUes. 8to. Pr^iTfllct. 

<• R^ume des Observatioob »ur la. Mct^orotogie, sur le Mag- 
, el av ka TempCntan de !■ Tene. 440. JBnmOit 1841. 

RAU ( — ) Efornm-r I'f !if,fque. Rxtrait-'i de deux Lrttras ao sujet do I'ap- 
pUoation des tbilviies niath^matique* ti la solution de queh)ues problemea 
dTdooBome pobtli|M. 8vo. JBnuiMtB 1848. 

RECORD COMMISSION. Ancient I-iws and Institutes of Wales ; to whicb 
are added a few Latin transcripts, with indexea and gloaiaiy. Printed by 
i of Hia bla Miyea^ King WiUiaB IV. FoKo. ZoMdta* 1841. 



The Commissioncn «f Fob* 
lie Becoida. 
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Presents. Dovom. 
REDFOUD (W. C.) ObMrvatioM on the Stocm of Dec IS, 18S9. 4to. 1841. The Author. 
REPORTS. 

Metropolk. — Summaiy of the Weekly Tables of Murtalitj- for 1841. Fopula- The Registrar •G«ii«nl of 

tioii, Mal.^ 87+.IS9. Fcmaleis 996,S8«. Totan,ST:!-'27. Lurj;! f^ln. l. Hirths Oeaths, &c 
Kt'port of the Commiaaioncn appoiuted to consider the Kt«p» to be taken for G. B. Airy, Esq., A.K^ 

nrtontiaa or the SiHidudi of Weight M«MiK. Fk«^^ 

HouMi of IMhuaeot bj ttmmuA «f Hor Vb^mf, Folfaki Lamim 

1841. 

SiidiRepmt«r the loipeolonaivcliMcd iwdarthcinOT^^ DiwBuNt Uawkiu, FJt.6. 

and 6 Will. IX. c. $8, to niit the dxUhraot PriMU orGffMl Britdu. PoOo. 

ilrfNwtoi 1841. 

Statbdcd B^Kwt> cm the aieknci^ mortali^, and tovalidiug among Her Ufa- St JonMBMeGi%ar» But* 

jeaty's Troops aerving in Ceylon, the Teflneerim timnttOtt, Mi Ao B«f^ FJL8. 

nieae Empire. Folio. Ijondtm 1841. 
Statistical Reports on the Health of the Navy from (he ycani 1830 to 1836. Sir William Bamett, Kiit.» 

Folio. Londom 1841. F.R.S. 
Third Atiriual Ri pi>rt of tlif- Rigislrar-GcniTal of Hirtlis. Draths and Edwin ChadwLck, Eaq. 

Marriages in England, with appcndicei. (Two copies.) Folio. London 

1841. 

REYNOLDS (Sir .T».1<ii,i.) Tlic Dl-icoum N i1I»^t^ltcd by expUuiotOiy BOM The Editor. 

and plates i by John Humet, E84)., F.R.S. 4to. Londtm 1842. 
RICHARD (A.) MoDographie dee Orohidte reeMOIiee dm h ehnoe dee The Author. 

Nil-Gherric* ; par M. Perrottet, 4to. Pari$ 1841. 
KIVE (A. de hi.) Coup d'oeil aar 1'^ eotucl de ooe connieitaoeB ea Electri- The Autiwr. 

citu. 8vu. Gettepe 1841. 

ROSENBLAD (M.) Td if AottlenleM Pmm*. 8vo. SloMm 18«a The Academy of 

of SwHlcn. 

UOYLE (J. Y.) On the Production of isinglam along the coasts of India, with I he Autiior. 

a oolice of to Fieheilea^ Sve. Zeadtait 18M. 
SCAKAMI 'CCI CDiHiu alcu.) Di alcuni ( fTeti; del moto oibitale del eoU The Author. 

ccnui cstratti dal «Utcma cosinico. 4to. Firemi 1841. 
SCORTE6AGNA (F. O.) Epbloh Sommria eoM«MBle uiovi eohM^nte The Author. 

intnrno iiU' Ittioleto ealeteiite oelU pvbbBea BihiUbleca di I^mqu, Svo. 

Ak&wo 1841. 

— - — Intovno la Ihoolta ddbi reproduxioDe viTipuni i 



Aacaiadt Lonlirfooldi Meiuoria Epi»to1are. 8to. Pavia 1841. 
Cooiklefaiioiii intomo ad una specie di Falena. 

llo. Madena l&4a 

SopfK 0 teadlio di un eoooodrillo fciiile rinveouto 



iiel monticcllo dt Lonigo memnria. ifo. Vinrzia 1838. 

Con»ideFazioni sopra una apecie di Drago&ccUo. 



8TO. MUaiw 184C. 

SE AW AR D (.Samuel.) On the application of nnciKtiry Steam Powerto aaifiog The Author. 

Skxyif. (Two coflies.) 4to. LondaH 1841. 
SHARP (W.) Practioai ObeervatloBi on Injuriei of the Head. 8vo. Lamiem The Awthor. 

IS-H. 

SIMONOFF (.1.) Becherohee aur I'Aotioii &legn£tique de la Terre. 81% The Author. 

Kazan l&iO> 
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Pbbsekts. DoMOSti 
SIMONOFF (J.) sur I'emploi de« Hauteun eorreapoodaotei «i Mer ; tir6 da The Aatiior* 

Bulletin Scientifiqui! de St Petenboaig, Toooe VII. No. 15. 8vo. 18M. 
8MEK (Alfred.) Eleiuiuite of Eiectro-Metidlui^y ; or the art of workiltg in The Avtbor. 

MetaU by the Galvanic Fluid, Parts I. and II. Svo. f^ndtm IMl. 
SMITH ( Aibbd.) Ad Aocouot of the Yellow Fever which appeared is the The Author. 

oi^ «f GalvealoiB, lUpvUlo «rT«»N^ In fhe mtam «f 18S9^«itfa ouet 

and dlMectiom. 8vo. Gah-eston 1839. 
■ ■ ■ A brief Description of the Climate, Soil, asd Productions ■ -— . . 

of TcSH. Svo. giiftwrtw IMl. 
— The Cholera Spaamodica, aa observed in Paria iu 1832; 

compriiing its q^ptomi, pathotogjr, ud treitment. 8vo. Ntm YoHt 



MM. 



Tb« A«Uior. 



The Autlior. 
The Avthov. 



SMITH (J. Spencer.) Quedam KguItB de modo titulaadi aeu apifirandi pro 
novellis scriptoribu* copulats, tractatulua. 4to. Cadomi Non m u mm ISMk 

STRADA (Loigi.) Mobile Bigattien. 8vo. MUm 1841. 

STRATTOKCr.) Ptaoft «r the Cdtie erfi^ ef a greet pait cf tte Oveefc 
Langiiagf : founded on a compiirl-'or) of thf Orock with the Geilie W Cel- 
tic of Scotland. 8vo. Hut^sUm, L'jtper Cauada 1 840. 

lUuatntioBi of fhe Aflnitjr of the Letla Leegeige to the 

Gaelic or Celtic of Scollatid. Sv A'r , !'<)« 1 840. 
SYKES (W. H.) Kotes on the religiouii, moral, and political itate of India The Author. 

hefbte the Hehomeden inveaien, Ac. 9w9> Lemhm IMl. 

The Fisbea of the Dukhun. 4to. London 1838. 

TABERD(J.L.> DictlounnB Letiiu>>AiwmilicBm 8 Vela. 4to. 



1888. 



The Author. 
The AeAor. 

The Author. 



TAFUN (E. O.) On the Bohition of Cubic Equations, especially in 

CDce to the irreducible ca»p of Canlan's formula, (lilliographic.) 
TAYIX>R (T. 0.) Rttult of Astronomical Obaervations made at tlie Hon. 

Oe Tteitrlmlie Ceetpeay'* OhMrvateirtt Medna, Voh. I. to V. 410^ Jb> 

dras 1832-39. 

TEMPLEM AN (Jas.) Table showing the mean tempenttire, as also the mean 
hci^ ef the BinnMter in each noBlh Ui the ci^ 7ceie eedliig Slat Dee. 

1841 ; with the extremes of each, and the days on which such t'xtremps 
occurred. Compiled from observations made at Su John's, Newfoundland. 
(Large sheet) 

TEKKY (Charles.) Neir Zealand, its advantages and prospects as a British 
Colony : >Mth a full account of the land-claims, aaka of crown-lands, abo- 
rigiues, with a map. 8vo. IxmdoH 1842. 

THOMSON (SummL) The ThonMmin Bleterie BIdBce, er Beturio Buuiljr TbeAnthor. 

Physician, !5?th Edition. 8vo. ARxmt/ ISll. 
THORNTON (Edward.) The History of the British Empire in India, VoL (. 
end II. 8fo. Lomb* I8il. 



The Directors of the East 

India Company. 
The Anther. 



The Anther. 



C. Lyell, Esq., Chairman of 
fhe Hen. Bert>Indk Cen- 



pany. 

TURNER (W. G.) Elemeats of Chemistry, Part III. edited by Drs.Liebig, The Editors. 

W. G. Turner, and Gngoiy. 8vo>. Ltmhm 1841. 
VAUCIIKK (.1. P.) Histoire Physiologiqoe des Ilantes d'Europe, ou esposi- The Anthor. 

tion des ph^nom^es qu'clles prfsentcnt dans lea divenei pModea de leur 

d£veloppement. Tome I. h IV. 8to. Paris 1841. 
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VERHUI.ST (P. P.) TMltf Elteemain 6m FiMMliaM EUiptfqiiM. Svo. Tba AiiAor. 

Tiru rrlhs- ! S4- 1 

WALK LN ALU ( — ) Notice Historiquc aur la vie ct les ouvrages de M. The AuUior. 

DraKHk 410. JMi IMI. 
WAKtX^N. R.) Onthe6m«lharnuiliiiidiiMdr«lMedcMSvo.I«N- IteAnlkor. 

dm 

WASTMANN (Elk) Mimolre Mr h DiaUMmniHle Elactrfqw im Cm^m Tim Avdbor. 

M£talliqii>>. Ito. Geneva 1840. 
WEBSl'ER (Thonuw.) Tlie Law md Practice oT l.rtten Brteot for Inreo- The Autlior. 
tiou, fltatalM, pnedoal fonnii, wkI <lige«t of ri'j>ort«d cmm> 8to> Lamiam 
IK4I. 

WEISS (II. G.J.) Dcobaclituiif; Magndiiclier PUhhwwm an KoipardM Tha Author. 

Menadiuo. 8vo. ^SMterdbM 1841. 
WICK8TEED (TlMMHk) An ExpflrinenUl Inqaiiy 00McniIi« dM nlattve The Aitthor. 

power of, aod useful «fl«-ct prndiicrtl hy the Cornish and Boulton and Wntt 
Pumping EDginea, aad CjUudrkal and WaggtwHead Botltin. 4to. Lon- 
4m I'M. 

WILLICH (C. M.) Annual Supplement to the Tithe Commutation Tables. The Author, 
for atoertaioiag, at aigbt, the Tithe-Reot ehuge payable for the year IMS. 
Svik ZondbM 1848. 

WILLIS (R.) Principle* of Mcchaniun designed for the uto of Students io The Aathor. 
the Univenitieik and for Eoginaeriiig StndentB genenUy. Sto. Londm 
1841. 

WILSON (ILH.) AdMortptlve AooMtntor tte Aiillqollloa 0B< Cola* of The Dinotonoff theEut. 
A fghauistan : with a memoir oi the hoiliUngi called Tofca, by C. MiMoa, India CeBi|iaiiy. 

Km]. ito. LomUm 1841. 

WRIGHT (T.) Fo|HilarTreatiflM<uiStiviee,wrfiteo during the BfiddleAge^ The CouaoU of the IfiMori- 
in AnKlo-Saxon. Aimlo-Norinan, and EagMah; edited from flw eifgiiial eai Soeh^afSeieaeei. 
naauacripto. 8vo. London 1841. 
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